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RISK ANALYSIS IN OCCUPATIONAL & ENVIRONMENTAL HEALTH 
September 4 - 6, 1991 

Course Co-Leaders: Richard Wilson & Dade W. Moeller 

AGENDA 


DAY/TIME 


TOPIC 


SPEAKER 


Wednesday, September 4 


8:30 - 9:00 
9:00 - 10:00 
10:00 - 10:15 
10:15 - 11:30 

11:30 - 12:15 


Course Introduction 

Welcome Moeller 

Introduction to Risk Analysis Wilson 

Refreshment Break 

FDA Approach to Risk Assessments Scheuplein 

Introduction to Discussion Session 

Introduction to Background Materials Moeller 

on: 

1. ALAR (darainozide) 

2. Dioxin 
3• Lead 


12:15 

- 1:00 

Lunch 

Tools in Risk Analysis 

1:00 - 

2:15 

Applications of Epidemiology . 

Cftc nut n - y j 

2:15 - 

2:30 

Refreshment Break 

2:30 - 

3:45 

Use of Animal Data as Predictors 
of Human Risk 

3:45 - 

5:00 

Endpoints Other Than Cancer 


Cole 


Crouch 

Brain 


Thursday, September 5 

Cancer & Cancer Modeling 

8:30 - 9:30 What is Cancer? Upton 

9:30 - 9:45 Refreshment Break 
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9:45 - 
11:15 - 

11:30 - 

12:15- 

1:15 - 

2:45 - 
3:15 - 

Friday,, 

8:30 - 

9:30 - 

9:45 - 
11:15 - 
12:30 - 
1:15 - 
2:00 - 
2:30 - 

2:45 - 
3:30 - : 


11:15 

Cancer Modeling* 

Cohen 

11:30 

Break 



Applications of Expert Judgment 


12:15 

Applications of Expert Judgment^r 
in Risk Analysis . 'ks' 

Moel1er 

1:15 

Lunch 



Exposure Assessment 


2:45 

? The Respiratory System as an 

Entry for Exposure 

Valberg 

3:15 

Refreshment Break 


4:45 

Assessment of Exposures 

Ryan 

September 6 



Regulatory Aspects 


9:30 

Legislative & Regulatory Aspects 
of Risk 

Brown 

9:45 

Refreshment Break 


Risk 

Discussion Session - 
Analysis for Specific Contaminants 


11:15 

1. ALAR (Daminozide) 

Graham 

12:30 

2. Dioxin 

Birnbaum 

1:15 

Lunch 


2:00 

3• Lead 

Hu 

2:30 

General Discussion 

Staff 

2:45 

Refreshment Break 



Course Closing 


3:30 

Risk in Perspective 

WiIson 

3:45 

Course Critique & Evaluation 

Moeller & 


WiIson 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


2025545676 



August 27, 1991 



RISK ANALYSIS IN 0CCUPATI0NA1 AND ENVIRONMENTAL HEALTH 

September 4--6, 1991 
FACULTY ROSTER 

Course Directors 


Richard Wilson 

Mallinckrodt Professor of Physics 
Fellow of Adams House 
Physics Dept., Lyman Lab 231 
Harvard University 
Cambridge MA 02138 
617-495-3387 

Dade W. Moeller 
Professor of Engineering 
Dept. Environmental Health 
Harvard School of Public Health 
Boston MA 02115 
617-432-0793 

Session Leaders 

Linda Birnbaum 

Director, Environ. Toxicology Div. 

Health Effects Research Laboratory 
U.S. Environmental Protection Agency 
Research Triangle Park NC 27709 
919-541-2655 

Joseph D. Brain 

Cecil K. and Philip Drinker Professor of 

Environmental Physiology 

Chair,Department of Environmental Health 

Harvard School of Public Health 

Boston MA 02115 

617-432-1191 

David R. Brown 

Chief, Environmental Epidemiology and 

Toxicology Hazards Section 

Connecticut Health Service 

Preventive Disease Division 

150 Washington Street 

Hartford CT 06106 

203-566-8167 

Samuel M. Cohen 

University of Nebraska Medical Center 

Path./Micro. Department 

600 South 42nd Street 

Omaha NE 68198-3135 

402-559-7758 


Philip Cole 

Department of Epidemiology 
University of Alabama Medical School 
Birmingham AL 35294 
205-934-7898 


Edmund A.C. Crouch 

Senior Scientist 

Cambridge Environmental, Inc. 

58 Charles Street 
Cambridge MA 02141 
617-225-0810 

John D. Graham 

Professor of Policy and 

Decision Sciences, and 

Director, Center for Risk Analysis 

Harvard School of Public Health 

Boston MA 02115 

617-432-1090 

Howard Hu 

Assistant Professor of 
Occupational Medicine 
Harvard School of Public Health 
665 Huntington Ave. 

Boston MA 02115 
617-432-3320 

Arthur Langer 

Environmental Sciences Laboratory 
Brooklyn College 
Brooklyn NY 11210 
718-421-3851 

P. Barry Ryan 

Associate Professor 

Environmental Health 

Harvard School of Public Health 

Department of Environmental Health 

665 Huntington Avenue 

Boston MA 02115 

617-432-1167 

Robert Scheuplein 

Deputy Director 

Food and Drug Administration 

HFF101, Office of Toxicological Sciences 

200 C Street, SW 

Washington DC 20204 

202-485-0046 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545677 



2 


Arthur C. Upton 

Chair, Institute of Environmental Medicine 

New York University Medical Center 

550 First Avenue 

New York NY 10016 

212-263-5280 


Peter A. Valberg 

Adjunct Associate Professor of Physiology 

Harvard School of Public Health and 

Senior Associate 

Gradient Corporation 

44 Brattle Street 

Cambridge MA 02138 

617-576-1555 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545678 



August 28, 1991 


RISK ANALYSIS IN OCCUPATIONAL AND 
ENVIRONMENTAL HEALTH 

September 4--6, 1991 

Participant Roster 


Paul Balserak 
Environmental Engineer 
Environmental Protection Agency 
401 M Street, W.S. 

Washington, DC 20460 
202-382-3403 


Jeffrey Banikowski 

Managing Scientist 

O'Brien & Gere Engineers, INc. 

5000 Brittonfield Parkway 

P.O. Box 4873 

Syracuse, NY 13221 

315-437-6100 


Mark Boeniger 
Industrial Hygienist 
NIOSH 

4676 Columbia Pkwy. 
Cincinnati, OH 45226 
513-841-4314 


Marina Cofer-Wildsmith 

Director Environmental Lung Health 

American Lung Association 

1118 Hampton Avenue 

St. Louis, MO 63139-3196 

314-645-5505 


Sandra A. Cotter 

Omaha District Corps of Engineers 

Attn: MROPO-T 

Box 1294 Downtown Station 

Omaha, NE 68101-1294 

402-221-4079 


f' Mary Dymond 

Industrial Hygienist 
Barr Engineering Company 
7803 Glenroy Road 
-*■ Minneapol is, MN 55439 
612-830-0555 


Nigel Ell am 
Safety Director 
Rohm and Haas (U.K.) Ltd. 
Tyneside Works, Jarrow 
Tyne and Wear 

County Durham, England NE32 3DJ 
44-914-898181 , 


Amelia A. Gagen 
Acting Group Leader 
Lawrence Livermore National Lab 
P0 Box 808 

Livermore, CA 94551 
415-422-4278 


Charles 0. Gallina 
Senior Nuclear Scientist 
Illinois Dept of Nuclear Safety 
1035 Outer Park Drive 
Springfield, IL 62704 
217-785-9936 


Y. Milagros Giles 
Chemist 

City of San Marcos 
105 Meiners 
San Marcos, TX 78666 
512-353-0426 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


202SS4S679 



2 


Bruce G. Goodale 
Environmental Project Director 
NY State Low Level Radioactive 
Waste Siting Commission 
2 Third Street 
Troy, NY 12180 
518-271-1585 


Franca Grilli 

Assistant Ftegulatory Toxicologist 
Hazardous Contamination Branch 
Ministry of : the Environment 
135 St. Clair Avenue West 
Suite 100 

Toronto, Ontario, CAN M4V1P5 
416-323-5076 


Sidney E. Grossberg, M.D. 
Professor and Chairman 
Department of Microbiology 
Medical College of Wisconsin 
8701 Watertown Plank Rd. 
Milwaukee, HI 53226 
414-257-8427 


Michael Gunn 

Asst, to the City manager 
City of Cincinnati 
801 Plum Street, Rm. 24 
Cincinnati, OH 45202 
513-352-3790 


Amelia A. Hagen 

Acting Group Leader 

Lawrence Livermore National Lab 

P0 Box 808, 7000 East Ave, L-255 

Livermore, CA 94551 

415-422-4278 


William C. Hayes 
EnvironmentaI Specialist 
Dow Chemical Company 
2020 Dow Center 
Midland, MI 48674 
517-636-2664 


Jose E. Hernandez 
Head, Industrial Hygiene Dept. 
Navy Environmental Health Center 
2510 Walmer Ave. 

Norfolk, VA 23664 
804-444-7575 


Oscar Hernandez 
Branch Chief 

US Environmental Protection Agency 
11903 Antietam Road 
Woodbridge, VA 22192 


Linda E. Jennett 
Director Environmental Affairs 
Schlumberger Env. Svces., Inc. 
300 N. Main St., Suite 200 
Greenville, SC 29601 
803-233-0916 


Jong-Suk Kim 

Director-General 

Korean Ministry of Environment 

635-298 Pongcheon 9-dong, Kwank-gu 

Seoul, Korea 

617-432-4637 


Betsey Kuhn 
Deputy Director 

Resources & Technology Division 
Economic Research Service 
1301 New York Avenue, NW 
Washington, DC 20005 
202-219-0449 


Jeffrey Kutcher 

Consutants in Epidemiology and 
Occupational Health 
2428 Wisconsin Ave., NW 
Washington, DC 20007 
202-333-2364 


Angela Li-Muller 

Senior Regulatory Toxicologist 

Ontario Ministry of the Environment 

135 St. Clair Ave West 

Toronto, Ontario M4V 1P5 

416-323-5114 


Mayada Logue 
Scientist 
Philip Morris 
PO Box 26603 
Richmond, VA 23261 
804-274-3189 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545680 



3 


Helen E. Head 
Chemist 

USACE-MRO-IED-EF 
215N 17th Street ' 
Omaha, NE 68102-4978 
402-221-7647 


Robert Mermelstein 
Manager, Materials Safety 
Xerox Corporation 
800 Salt Road, Bldg. 843 
Webster, NY 14580 
716-422-5764 


John Salladay 

Head, Health Physics Branch 
Portsmouth Naval Shipyard 
Portsmouth, NH 03804-5000 
207-438-2588 


Tom Seiter 

Chemist II/Haz Mat Specialist 

KCM0 Fire Department 

5130 Deramus 

Kansas City, M0 64120 

816-483-7403 


Marc Meteyer 

Manager Health & Environ Issues 
American Petroleum Institute 
1220 L Street 
Washington, DC 20005 
202-682-8209 


Barrie Selcoe 

Project Scientist 

O'Brien & Gere Engineers, INc. 

5000 Brittonfield Parkway 

P.0. Box 4873 

Syracuse, NY 13221 

315-437-6100 


Yusuf G. Noorani 
Sr. Prog/Proj Engineer 
E G & G, Idaho 
PO Box 1625, MS#3920 
Idaho Falls.. ID 83415 
208-526-6925 


Thomas G. Osimitz 
Section Manager 

Product Toxicology & Env.Assessment 

S.C. Johnson & Son 

1525 Howe Street 

Racine, WI 53402 

414-631-2669 


Sara Rasmussen 
Policy Analyst 
Section Chief 
USEPA/OWS 
401 M Street,. SW 
MC OS-311 

Washington, DC 20460 
202-260-3409 


Bryan R. Ruble 

Section Manager, Analytical Lab 
The Drackett Company 
5020 Spring Grove Avenue 
Cincinnati, OH 45232 
513-632-1794 


Robert C. Smith 

V-P, Sales & Marketing 

The EnviroMed Companies, Inc. 

414 W. California Avenue 

Ruston, LA 71270 

318-255-0060 


Richard Stark 

Senior Executive Consultant 
NUS Corporation 
910 Clopper Rd. 
Gaithersburg, MD 20878 
301-258-8599 


Patricia Tilson 
Safety Specialist 
Forces Command 
ATTN: FCJ1-S0 

Fort McPherson, GA 30330-6000 
404-669-7481 


Albert Van De Griek 
Deputy Director 
Division of Life Sciences 
Food & Drug Admin/CDRH/OST/DLS 
12709 Twinbrook Parkway, HFZ-110 
Rockville, MD 20857 
301-443-2936 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545681 



4 


Susan R. Walker, Ph.D. 
Toxicologist 

Ecology and Environment, Inc. 

1776 S. Jackson Street, Suite 200 
Denver, CO 80210 
303-757-4984 


Thomas Willard 
Risk Assessment Specialist 
John Mathes & Associates, Inc. 
701 Rodi Road, Suite 101 
Pittsburgh, PA 15235 
412-824-0200 


Edward J. Willwerth 
CMC/CIH 

Atlantic Env & Marine Services,Inc. 
PO Box 773 
Plymouth, MA 02362 
508-747-6944 


Fred Youngs 

Senior Scientist 

National Toxics Campaign Fund 

1168 Commonwealth Avenue 

Boston, MA 02134 

617-232-0327 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


202S545682 




TIPS FOR A SAFE STAY 


PLEASE ... 


Walk via main thoroughfares and well-lit areas. 


Don't wear fancy jewelry in plain sight. 


Don't wear your meeting badge outside the vicinity 
of the School. 


Be cognizant of and alert to your surroundings. 


When walking after dark, travel in groups of two or 
more, i.e. do not travel alone . 


Carry your purse close to your body. 


Don't leave valuables in your room, use a hotel safe 
deposit box. 


Abide by common sense: if something looks suspicious, 
avoid it and report it. 
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TO 

FROM 

RE 


Continuing Education Participants. 


David A. S. Klipp, Program Coordinator 




Telephone Locations and Protocol 



Here are the telephone numbers which will serve to deliver 
messages to you during your stay with us at Harvard: 

During Class Hours : 617-432-1109 
if that line is busy or there is no answer: 

617-432-1171. 

\ 

We will take messages for you and post them either at the back of the 
classroom or at your place. In the event of an emergency , we will 
interrupt you in class. 

Here is~a'map - indicating (**)~the locations of"the four -public 
telephones in the School of Public Health: 


Lounge 




** 


** 1 ** fist Floor) 


** 


Elevators 


"\) (/' 


(sta 


Trrrr 

rway) 


Classroom Hallway 


Lavatories 


PLEASE NOTE: 

Acknowledging the limited number of public telephones available 
here, we ask that you please try to consider keeping your calls 
brief and to a minimum. 
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HARVARD MEDICAL AREA 


iK£Y TO MAP) 


1 Rotch Building - 55 Sbattuck Street 
HARVARD SCHOOL OF PUBLIC HEALTH 


Health Science* (Laboratories. Dldgt I and II 
665 Huntington Avenue 

Sebastian S. Krenge Educational Facilities Building 
677 Huntington Avenue 

Henry LetShanucIc International Hou» 
199*203*207 Perk Drh* 


OTHER MEDICAL AREA FACILITIES 

$ Frencli A. Countwey Library of Medicine 
10 Shettuck Street 

Peter Bent Brigham Hoipitel 
Massachusetts Mental Health Center 
Children** Cancer Research Foundation 
Children'* Hospital Medical Center 
Shield* Warren Radiation Laboratory 


HARVARD MEDICAL SCHOOL 

6 Medical School OuiKirangi® 

25 Shattuck Street 

$A Harverd Medical School — Administration Bu Uding 
3 Vanderbilt Hal! -• 109 Avenue Louis Pjftaur 


HARVARD SCHOOL OF DENTAL MEDICINE 
7 


New Engl»nd Dtaconeu Hoipital 

Beth Israel Hospital 

Judge Baker Guidance Center 

Boston Hospital for Women (Lying-In DhrWon) 

Medical Area Coop: 

Jimmy Fund Auditorium 

Harvard Medical School Laboratory for Human 
Reproduction end Reproductive Biology 


.Shattuck In-| 
X ternational 
v House 
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Wednesday, September 4 



Course 

Introduction 


8:30 - 9:00 

Welcome 


Moeller 

9:00 - 10:00 

Introduction 

to Risk Analysis 

Wilson 

10:00 - 10:15 

Refreshment Break 


10:15 - 11:30 

FDA Approach 

to Risk Assessments 

Scheuplein 


Introduction to Discussion Session 

11:30 - 12:15 Introduction to Background Materials Moeller 

on: 

1. ALAR (daminozide) 

2. Dioxin 
3• Lead 


12:15 - 1:00 

1:00 - 2:15 
2:15 - 2::30 
2:30 - 3;: 45 

3:45 - 5:00 


Lunch 

Tools in Risk Analysis 

Applications of Epidemiology 

Refreshment Break 

Use of Animal Data as Predictors 
of Human Risk 

Endpoints Other Than Cancer 


Cole 


Crouch 

Brain 


ISJ 

© 

K 

cn 

c/t 

w- 

© 

00 

00 
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Risk Assessment for Carcinogens: A 
Comparison of Approaches of the ACGIH 
and the EPA 


Michael C.R. Alavanja,* Charles Brown,® Robert Spirtas, 0 - 0 and Manuel Gomez* 

A Epiderniology and Biostatistics Program, Division of Cancer Etiology, National Cancer Institute, Executive Plaza 
North Building, Room 543, Bethesda, Maryland 20892; ®BiostatisticaJ Methodology and Cancer Control 
Epidemiology Section, Division of Cancer Prevention and Control, National Cancer Institute, Executive Plaza 
North Building, Room 344, Bethesda, Maryland 20892; National Institute of Child Health and Human 
Development, Executive Plaza North Building, Room 607, Bethesda, Maryland 20892; °Member of the 
Americsin Conference of Governmental Industrial Hygienists’ Chemical Substances Threshold Limit Values 
Committee 


The relative carcinogenic potency of 16 chemicals evaluated 
by both the U.S. Environmental Protection Agency (EPA) and 
the Chemical Substances Threshold Limit Values (CS-TLV) Com¬ 
mittee of the American Conference of Governmental Industrial 
Hygienist*; (ACGIH) were compared. The estimated cancer risk 
resulting f rom occupational exposure to the threshold limit values 
(TLVs) were also computed using dose-response curves devel¬ 
oped as a part of EPA quantitative risk assessments. 

Substantial agreement between the EPA and the CS-TLV Com¬ 
mittee was found when the relative potency of these carcinogens 
was compared. Use of EPA’s risk model to estimate lifetime 
cancer risk from occupational exposure at the TLV levels often 
resulted in high cancer risk estimates. The approaches used to 
assess cancer risk by both groups is described and a suggestion 
is made for incorporating existing quantitative risk assessments 
into the TjLV evaluation procedure. Alavanja, M.CJL; BlWn, C.; 

Spirtas, R.;(iomez, ft*.: Risk Assessment for Carcinogen: A (k^npaffeon 
of Approaches of the ACGIH and the EPA. Appi. Occup. Envirca Hyg. 
5:510-517; 1960. 


Introduction 

The Chemical Substances Threshold Limit Values (CS- 
TLV) Committee of the American Conference of Govern¬ 
mental Industrial Hygienists (ACGIH) has been reviewing 
its policies and procedures regarding carcinogens. Spirtas 
et al. (1985) described the current process the CS-TLV 
Committee uses to make the qualitative decision to des¬ 
ignate a chemical as a workplace carcinogen and the quan¬ 
titative decision to recommend levels of exposure for the 
guidance of industrial hygienists. (1) Threshold limit values 
(TLVs) (for carcinogens as well as other toxic agents) are 
time-weighted averages (TWAs) for a normal 8-hour work¬ 
day, 40-hour workweek. The TLV Is set for inhalation ex¬ 


510 


posure, with special notifications for agents where ab¬ 
sorption from skin exposure is important The TLV is 
assumed to be protective for “nearly all workers” assuming 
the workers to be healthy adults* 1 * TLVs are guidelines 
for good work practices to be used only by professional 
industrial hygienists. For substances which cause chronic 
diseases such as cancer, however, there may not be a sharp 
cutoff point (threshold) between effect and no effect; it is, 
therefore, important that professional judgment be used 
in monitoring and protecting workers exposed to such 
substances. 

When deciding on guidelines for carcinogens, the CS- 
TLV Committee gives greatest weight to epidemiologic 
studies having data on quantitative exposure levels.* 1 * Such 
substances receive an Al categorization and are called 
“Confirmed Human Carcinogens.” Next in importance, and 
more typically available, are mammalian toxicologic stud¬ 
ies having whole-body bioessays. Such substances are given 
an A2 designation and are called “Suspected Human Car¬ 
cinogens” In reviewing the key experimental toxicology 
studies, the Committee considers route of entry (greatest 
weight given to inhalation studies), dose-response gra¬ 
dient, potency, mechanism of action, cancer site, time-to- 
tumor, length of exposure, and underlying incidence rate 
for the type of cancer and species under study. Replication 
of results is important, especially if comparable in different 
species. Other types of studies are useful in confirming 


This article represents die views of the authors and not those of the 
American G>nference of Govemmemai Industrial Hygienists or its Chem¬ 
ical Substances Threshold limit Values Committee, or those of the VS. 
Department of Health and Human Services, the National Institutes of 
Health, and the National Cancer Institute; 
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that a substance is a carcinogen but are no f usually heipfu! 
in setting a TLV. A safety' factor is often applied to establish 
a TLV for carcinogens, by taking the lowest level known 
to induce cancer (or the no-effect level) and then dividing 
that by tin arbitrary- factor, such as 10 or 100. The CS-TLV 
Committee, realizing the imprecision of setting TLVs for 
carcinogens, recommends that, for all carcinogens having 
a TL\ . “worker exposure by all routes should be carefully 
controlled to levels as low' as reasonably achievable (ALARA) 
below' the TLV.” (2) 

In the early 1970s r the U.S. Environmental Protection 
Agency (EPA) developed an approach that was different 
from that of the CS-TLV Committee. Early decisions by the 
EPA conveyed the idea that the only acceptable degree of 
regulation of carcinogens would be a total ban on expo¬ 
sures/ 3 * 4} However, the impracticality of achieving zero 
risk on a broad scale for a large number of economically 
important chemicals became increasingly apparent to many, 
including die U.S. Congress. As a result, the EPA in 1976 
became the first federal agency to adopt formal guidelines 
embracing a two-step process of risk assessment. The first 
step is a determination of whether a particular substance 
constitutes a cancer risk, i.e., hazard identification. The 
second step includes a quantitative risk assessment (QRA) 
as a key component of determining the degree of regu¬ 
latory' action needed to protea the public/ 5) 

. As part of the QRA process, the EPA computes dose- 
response curves, makes low-dose extrapolations, and es¬ 
timates the size and degree of exposure of the exposed 
populations in order to estimate the number of excess 
cancers expeaed in the total U.S. population. The rationale 
and procedures for the EPA approach are used to guide 
regulatory actions which are meant to protea each mem¬ 
ber of the general public over a lifetime against exposure 
via inhalation or ingestion/ 6 * Regulatory aaion is taken 
only after the results of the QRA are integrated with en¬ 
gineering data and with social, economic, and political 
concems/ 7) 

Confusion has arisen from the different approaches used 
by the CS-TT.V Committee and the EPA in estimating risk. 
Although title TLVs continue to be used widely by profes¬ 
sional industrial hygienists around the world to evaluate 
the safety of workplace exposures, the QRA approach is 
viewed by some as nore objective. Recently, criticism of 
TLVs has focused attention on the objectivity and scientific 
standards of the CS-TLV Committee/ 8) Several examples 
were given of chemical substances for which unpublished 
data (primarily from the files of industrial companies) were 
important in setting the recommended TLV. Since, in many 
instances, the TLV is the only number available to industrial 
hygienists, it is important that the CS-TLV Committee s pol¬ 
icies and prccedures regarding carcinogens be reviewed 
to assess the results of the current TLV approach. We be¬ 
lieve a quantitative comparison of the EPA and the TLV 
approaches may provide some important information re¬ 
garding this sissessment. 

Refleaing on some of these issues, Andersen (9) pre¬ 
sented a critical review of quantitative risk assessment in 
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occupational health in the 1988 Herbert E. Stokinger Lec¬ 
ture, concluding that, “Quantitative Risk Assessment is not 
just coming to the occupational environment. It is here 
now' and is an issue to be reckoned with by everyone of 
us in the industrial hygiene profession.^ 9} In his review, 
Andersen suggests that QRA during the past 13 years has 
been “damned” by its misapplication. Overly conservative 
quantitative approaches to prediaing risk would lead to 
risk estimates that “greatly restrict commercial operations, 
decrease our ability' to compete in world markets, and lead 
to large expenditures to change work praaices with no 
concomitant increase in health proteaion.” He went on to 
suggest that the problems faced by the use of overly con¬ 
servative techniques can be overcome in part by the ase 
of recent cancer models that have greater biological rel¬ 
evance, e.g., the physiologically based pharmacokinetics 
models (PB-PK) (10) and the Moolgavkar, Venzon, Knudson 
(MVK) models/ 11} Although the theoretical appeal of these 
cancer models is clear, the bulk of the QRAs developed 
and published since 1976 have come from regulatory agen¬ 
cies which have not used these new techniques. We cannot 
compare current TLVs to the results of risk assessments 
asing the MVK or PB-PK approaches; however, comparing 
established TLVs for carcinogens with the results of the 
EPA QRAs may help determine whether, and under what 
circumstances, the CS-TLV Committee may consider using 
QRAs as pan of its decision-making process. This anicle 
presents a comparison between the ACGIH TLVs and the 
EPA QRAs for the 16 chemical carcinogens that have been 
evaluated by both groups. These QRAs were chosen for 
comparison since they are the largest available coileaion 
of risk assessments developed by a standard methodologic 
approach. 

r 

Methods and Results 

The comparison reported here is derived from the ACGIH 
1988-1989 list of TLVs (12) and an EPA list of carcinogens 
taken from the Integrated Risk Information System/ 13) The 
ACGIH list contains over 700 agents of which 55 are clas¬ 
sified by the Committee as carcinogens in the adopted list 
plus 3 in the Notice of Intended Changes List These 55 
substances are listed along with their TLVs, where available, 
Ln Table I. The ERA list, in Table n, contains 54 agents, 
including a substantial number of pesticides and nitrosa- 
mines for which a unit risk factor for inhalation exposure 
is available. The ERA’S unit risk factor is a conservatively 
estimated risk to humans from constant lifetime exposure 
of breathing contaminated air at a level of 1 fxg/m 3 . This 
risk estimate is derived from the available results of animal 
bioassays, biochemical studies, and epidemiologic studies. 
To assure safety, conservative assumptions are used to sup¬ 
plement missing or unknown information (e.g., using re¬ 
sults from the most sensitive animal species and the lin¬ 
earized multistage dose-response model and extrapolating 
using the upper 95 percent confidence limit of the ex¬ 
perimental evidence). 

The ACGIH TLVs are compared with the ERA QRAs 
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TABLE L Chemical Substances Classified as Carcinogens by ACOfti with Their Respective TIVs (1988-1989 Adopted Values) 


Substance 

TIV 

Substance 

TLV 

Acrylamide—-Skin* 

0.03 mg/m 3 

, Ethyiene dibromide—Skin 

_ 

Acrylonitrile-Skin* 

4.5 mg/m 3 

Ethylene oxide* 

1.8 mg/m 3 

4-Aminodiphynyl—Skin 

_8 

Formaldehyde* 

t.5 mg/m 3 

Antimony trioxide production 

— 

Hexachlorobutadiene—Skin* 

0.21 mg/m 3 

Arsenic trioxice production 

— 

i Hexamethy! phosphoramide—Skin 

— 

Asbestos 


j Hydrazine—Skin 

0.13 mg/m 3 

Amosite 

0.5 fiber/cc 

4.4'-Methylene bis(2-chloroaniline)—Skin 

0.22 mg/m 3 

Cbrysotile 

2 fibers/cc 

Methylene chloride (Dichloromethane)* 

175 mg/m 3 

Crocidolite 

0.2 fiber/cc 

1 4,4'-Methylene dianiline 

0.81 mg/m 3 

Other forms 

2 fibers/cc 

! Methyl hydrazine—Skin 

0.35 mg/m 3 

Benzene* 

32 mg/m 3 

Methyl iodide—Skin 

12 mg/m 3 

S’ 

£. 

Q. 

3 

1 

SP 

=5 

_8 

p-Naphthylamine 

_8 

Benzo{a)pyrene 

— 

Nickel sultide roasting, fume & dust 

1 mg/m 3 , as Ni 

Beryllium* 

0.002 mg/m 3 

; 4-Nitrodiphenyi 

_B 

1,3-Butadiene* 

22 mg/m 3 

2-Nitropropane 

35 mg/m 3 

Carbon tetrachloride—Skin* 

31 mg/m 3 

t^Nihosodimethylamine—Skin 

— 

Chloroform* 

49 mg/m 3 

N-Phenyi-beia-napt^^ 

— 

bis-{Chl(Kom5thyj)ether* 

0.005 mg/m 3 

Phenyttrydrazine—Skin 

22 mg/m 3 

Chlormethyi methyl ether 

— 

! Propane suitooe 

— 

Chromates of lead, as Cr 

0.05 mgm 3 

p-Propioiactone 

1.5 mg/m 3 

Chromite ore processing (chromate) 

0.05 mg/m 3 , as Cr 

Propylene imme—Skin 

47 mg/m 3 

Chromium (Vi), certain water insoluble compounds* 

0.05 mgm 3 , as Cr 

o-Tolidine—Skdn 

— 

Chrysene 

— 

o-TcNukkne—Skin 

9 mg/m 3 

Coal tar pitch volatiles 

02 mg/m 3 , as benzene 

p-ToMne—Skin 

9 mg/m 3 


solubles 

Vinyl bromide 

22 mg/m 3 

3,3'-Dichlorotenadine—Skin 

— 

Vinyl chloride 

13 mg/m 3 

Dimethyl carbctn»yl chloride 

— 

Vinyl cydoteaene dioxide—Skin 

57 mg/m 3 

1.1 -Dimethylhydrazine—Skin 

12 mg/m 3 

Zinc chromafes 

0.01 mg/m 3 , as Cr 

Dimethyl sulfele—Skin 

0.5 mg/m 3 



Notice of teteftead Changes (ter 1968-1969) 

Cadmium and coimpoumis* 0.1 mg/m 3 

Ethyl acrylate 

20 mg/m 3 Xytidine (mixed isomers)—Skin 2.5 mg/m 3 


Chemicals contained on both the TIV and EBA carcinogen list 

s Substance designed by CS-TLV Commit as a confirmed txiran carcinogen without a TIV. Workers exposed to tots substance staid be “property e quipp ed to virtaHy eliminate afi exposure."® 


in two ways: l)do the ACGIH and EPA place these 
chemicals in the same order of toxicity? and 2) what level 
of risk do the EPA unit risk factors imply from exposure 
to the ACGIH s TIVs? The EPA dose-response assessment 
commonly begins with the multistage model, 

P(d) = 1 - exp(q t d + q+ ... + q^), 

puts an upper 95 percent confidence limit on the linear 
term of the dose-response (q 2 *) based on a statistical eval¬ 
uation of animal bioassay data (with consideration of spe¬ 
cies, route of administration, duration of exposure and 
followup, and other experimental design criteria deemed 
most relevant, to human risk assessment), and then uses 
the linearized multistage model (only the linear term is 
included) to (estimate the risk of lifetime exposure to low 
doses. Because the linearized multistage model used by 
the EPA for its unit risk factor is equivalent to the single 
hit model, our estimate of lifetime risk of developing can¬ 
cer from occupational exposure is based on the model, 

Prob (d) = 1 - exp(-ad), 

where Prob(d) is the lifetime probability of developing 
cancer from exposure to a daily level of d fig/m 3 during 
a working lifetime of a 40-hour workweek/168-hour week, 
a 50-week/workyear, a 40-year career, and an average life 


span of 74 years. The slope of this dose-response curve 
(a) directly indicates cancer risk, thus a larger slope im¬ 
plies a larger risk at the same dose. The slope is derived 
from the ERA unit risk factor and is adjusted as follows to 
reflect different exposure situations. 

To adjust for different exposure durations, we use the 
simple assumption that the dose-response slope for oc¬ 
cupational exposure is (40/168) x (50/52) x (40/ 
74) = 0.124 of the complete lifetime exposure slope. The 
ERA assumes a normal respiration rate of 20 cubic meters 
in a 24-hour period while we assume a rate of 10 cubic 
meters in an 8-hour working day. Therefore, to adjust for 
different breathing rates for working and ixxiwoddng per¬ 
sons, we assume the occupational exposure slope is 
(10/8X20/24) « 1.5 times the ERA slope. 

Figure 1 displays the comparison of the ACGIH and ERA 
arrangements of the 16 common agents in decreasing or¬ 
der of risk (increasing TLV level and decreasing unit risk 
order). The spearman rank correlation coefficient for these 
two orderings is r = 0.78 implying substantial, yet im¬ 
perfect, agreement The major disagreements are the or¬ 
derings of hexachlorobutadiene, 13 -butadiene, vinyl chlo¬ 
ride, formaldehyde, and chloroform. The ACGIH has 
hexachlorobutadiene with a greater carcinogenic risk than 
13-butadiene, and vinyl chloride with a greater risk than 
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chloroform, while the EPA reverses this order. In addition, 
formaldehyde is substantially higher on the ordering by 
ACGIH than by EPA. In establishing TLVs for vinyl chloride 
and chloroform, the CS-TLV Committee probably weighted 
heavily the fxxsitive epidemiologic evidence for vinyl chlo¬ 
ride, in deciding to establish a relatively more protective 
value for vinyl chloride than for chloroform. The TLV for 
formaldehyde is based primarily on prevention of eye, 
nose, and throat irritation. These acute effects have been 
observed in humans at levels below the lowest effect seen 
for carcinogenicity in rodents. The discrepancy for 1,3- 
butadiene can be explained, in pan, by the CS-TLV Com¬ 
mittee minimizing the relevance of an animal bioassav 
which induced angiosarcomas of the heart, a rare tumor 
in humans. 

Table III gives the TLVs and adjusted unit risk for these 
agents along with the EPA s estimate of daily occupational 
exposure levels corresponding to lifetime cancer risks of 
one in a million and one in a thousand. This table also 
gives an estimate of the lifetime risk from occupational 
exposure to a daily level at the TLV. Eight of these 16 
estimated lifetime cancer risks from occupational expo¬ 
sure to the TLV lie between 1 and 10 percent with the two 
highest estimates being chloroform at 19 percent and 13 - 
butadiene a t <58 percent while the two lowest estimates are 
hexachlorobutadiene at 0.1 percent and beryllium at 0.09 
percent. On ihe average, the TLVs for these 16 agents are 
over 25 times greater than the EPA estimated daily expo¬ 
sure level as;>ociated with a risk of 1/1000. Table III also 


TL v Order 

EPA Order 

! Beryllium fv 

^ Bis(chloromethyl)ether | 


| Bis(chloromethyI)ether N 

\ J Chromium VI | 


| Cadmium 

/ ^ Beryllium j 


| Acrylamide 

Cadmium [ 

/ 

! Chromium VI f 

Acrylamide | 


1 Hexachlorobutadiene L 

J 13 Butadiene j 

\ / 

| Nickel Refinery Dust LA_ 

/J Nickel Refinery Dust J 

\ / _ 

| Formaldehyde [ \ 

/ Ethylene Oxide | 


| Ethylene Oxide \**\ 

A J Acrylonitrile | 


| Acrylonitrile \*^T\ 

\ J Chloroform 1 

\ X 

j Vinyl Chloride 1 / 

\ / ^ Hexachlorobutadiene | 

X Y 

| 1,3 Butadiene f\ 

/ \ J Carbon Tetrachloride | 

\/ >a 

1 Benzene L / 

H Formaldehyde | 


1 Carbon Tetrachloride ivy 

Benzene 1 

/ \ 

1 Chloroform f 

A! Vinyl Chloride ) 


| Methylene Chloride [+ - 

_»| Methylene Chloride | 


FIGURE 1. Ordering of chemicals by estimated risk by the Chemical Sub¬ 
stances TLV Committee and the U.S. Environmental Protection Agency. 


TABLE II. Chemicals Carcinogens for Which Quantitative Risks Have Been Computed for bhatebon Exposure by U.S. EBA's Cvctogon Assessment 
Group ___ 


Compounds 

Unit Risk Factors* 

Compounds 

Unit Risk Factors* 

Acetaldehyde 

23 

X 

t(H 

12-Oiptenythydrazine 

4.5 x 10-' 

Acrylamide 

1.3 

X 

10-3 

Epichlorohydnn 

1 2 x 10-* 

Acrylonitrile 

6.8 

X 

IQ- 5 

Ethylene oxide 

13 x 10- 2 

Aldrin 

4.9 

X 

10- 3 

Famaklehyde 

1.1 x io- 4 

Arsenic 

4.3 

X 

1(H 

Heptech lor 

13 x 10- 3 

Asbestos 

23 

X 

10- 1 

HaptachJor epoxide 

26 x 1(H 

Azobenzene 

3.1 

X 

10-5 

Hexachtorobutediene 

22 x 10- 5 

Benzene 

83 

X 

1(H 

Heachtofocycloheae 

21 x 10- 5 

Benzidene 

6.7 

X 

1(F 

technical grade 

20 x 10-' 

Befyltium 

34 

X 

10- 3 

alpha Isomer 

{ 1jB x 1(H 

1,3-Butadiene 

38 

X 

10- 4 

beta isome* 

S3 x 10- 4 

Cadmium 

1.8 

X 

10- 3 

Hexa^tk)fO(fibQisKSoxm 

13 x 1(H 

Carbon tetrachloride 

1.5 

X 

10-5 

Hydrazme/Hycijazkie suftate 

43 x 10- 3 

Chlordane 

3.7 

X 

10-5 

Nickel refinery dist 

24 x 10- 4 

bi$(2-chIoroethyl>5ther 

33 

X 

1(H 

Nickel subsulfkfe 

4.8 x 10-* 

Chloroform 

23 

X 

10- 5 

NihoscKiim^iyteT^ 

1.4 x 10- 2 

bi$(chlofomethyl)<tfief 

63 

X 

1(H 

DFbutyiamme 

1.6 x 10- 3 

Chromium VI 

13 

X 

IQ- 2 

DiethytnitrosammB 

43 x 10- 2 

DOT 

9.7 

X 

10- 5 

N-mitrosopyrroifc&ne 

6.1 x 10- 4 

1,2-Dibromoethane 

23 

X 

1(H 

1,1,13-Tetnddofoedtane 

7.4 x 1(H 

Dibutylnitrosamine 

1.6 

X 

io- 3 

1,133-Tetrachlotoethane 

5.8 x 10- 5 

1,2-Dichloroethano 

36 

X 

1(H i 

Toxaphene 

32 x 10- 4 

1,1-Dichloroethyler>e (Vinylidene chloride) 

5.0 

X 

10- 5 

1,1,2-Trichkxoethane 

13 x 10- 5 

Dichloromethane (Methylene blonde) 

4.1 

X 

1(H i 

Trichloroethylene 

13 x 10- 5 

Dieldrin 

4.6 

X 

1(H 

34,6-Trichlorophenot 

5.7 x 10- 5 

Diethylnitrosamine 

4.3 

X 

io- 2 

Vinyl chloride 

7.1 x 10- 5 

Dimethylnitrosamine 

1.4 

X 

io- 2 

* 



‘Estimated risk to humans from constant lifetime exposure of breathing contaminated air at a level of 1 ^uy'm 3 . 
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TABLE III. Estimated Lifetime Cancer Risk from Occupational Exposure to the TLV 


Substance 

IARC 

Class 

TLV 

p.g/m 3 

Adjusted 
Unit Risk* 

Daily Exposure (p^/m 3 ) 
Associated with Risk of 

1/10* 1/10= 

Estimated Lifetime 
Cancer Risk from 
Exposure to TLV 

Acrylamide 

2B 

30 

2.4 x tO- 4 

4.2 x 10- 3 

4.2 

0.0072 

Acrylonitrile 

2A 

4500 

1.3 x 10- 5 

7.7 x 10-2 

7.7 x 10’ 

0.057 

Benzene 

1 

30000 

1.5 x 10- 6 

6.7 x 10- 1 

67 x 1(F 

0.044 

Beryllium 

2A 

2 

4.5 x to- 4 

2.2 x 10- J 

2.2 

0.0009 

1,3-Butadiene 

2B 

22000 

5.2 x 10- 5 

1.9 x 10-2 

1.9 x 10 1 

0.68 

Cadmium 

2A 

10 

3.3 x 10- 4 

3.0 x 10- 3 

3.0 

0.0033 

Carbon tetrachloride 

2B 

30000 

2.8 x 10-6 

3.6 x 10- ! 

3.6 x 1(F 

0.081 

Chloroform 

2B 

50000 

4.3 x 10- 6 

2.3 x 10-' 

23 x 10 2 

0.19 

bis(chloromethyl)etbef 

1 

5 

1.2 x 10- 2 

8.3 x 1(H 

8.3 x 10-2 

0.058 

Chromium (VI) 

1 

50 

2.2 x 10- 3 

4.5 x IQ -4 

4.5 x tO- 1 

0.10 

Dichloromethane 

2B 

175000 

7.6 x 10-' 

1.3 

1.3 x IQ 3 

0.12 

(Methylene chloride) 
Ethylene oxide 

2A 

2000 

2.0 x 10-5 

5.0 x Ilk 2 

5.0 x 10 1 

0.039 

Formaldehyde 

2A 

1500 

2.4 x 1(H 

4.2 x 10-’ 

4.2 x 10 2 

0.0036 

Hexachlorobutadiene 

3 

240 

4.1 x 1(H 

2.4 x 10-’ 

24 x W 

0.00096 

Nickel refinery dust 

1 

1000 

4.5 x 10-5 

22 X ID* 2 

22 x 10 1 

0.044 

Vinyl chloride 

1 

10000 

1.3 x 10-6 

77 x 10- 1 

77 x ID 2 

0.013 


'From Table II adjusted for occupational exposure. Estimated risk to hunans from exposure to a time-weigrted avenge of 1 m^ttV 5 for a 
normal 8-tioof workday, 40-hour workweek, 40-year career (see tad). 


contains the International Agency for Research on Cancers 
(IARC) classification of each of these chemicals/ 14 * This 
classification scheme evaluates the likelihood that these 
chemicals are: human carcinogens but makes no attempt 
to quantify their potential risk or to set “safe” exposure 
levels. Hexachlorobutadiene is classified by IARC in cate¬ 
gory 3, “the agent Ls not classifiable as to its carcinogenicity 
to humans ” (14) Seven other chemicals: acrylamide (2B), 
acrylonitrile (2A), beryllium (2A), 13-butadiene (2B), cad¬ 
mium (2A), carbon tetrachloride (2B), chloroform (2B), 
methylene chloride (dichloromethane) (2B), ethylene ox¬ 
ide (2A), and formaldehyde (2A) are in IARC category 2, 
“the agent is probably (2A) or possibly (2B) carcinogenic 
to humans.” The remaining five chemicals, benzene, 
bis(chioromethyl) ether, chromium VI, nickel refinery dust 
(nickel comjx>unds), and vinyl chloride are in IARC cate¬ 
gory 1 “human carcinogens.” 

Using vinyl chloride as an example, Figure 2 illustrates 
the typical relationship found between the dose-response 
curve resulting from a QRA of the type performed by the 
EPA, the emjpirical data on whiJi the modeling is per¬ 
formed, and the TLV established by the ACGIII. The slope 
of the dose-nrsponse curve shown here (i.e., 0.0013) is 
derived from ihe EPA unit risk factor for vinyl chloride 
adjusted to reflea the exposure situation of the occupa¬ 
tional environment. 

Discussion 

In this set of 16 chemicals, both the EPA and the ACGIH 
approaches rank them in approximately the same order 
of carcinogenic risk. However, the EPA is far more con¬ 
servative, reflecting the agency’s objective to pfotea all 
members of the community, not just healthy adults. The 
authors could not definitively comment on the relative 


accuracy of the two approaches because our theoretical 
understanding of the dose-response relationship for oc¬ 
cupational carcinogens is still elementary, and we are, 
therefore, limited in our ability to discriminate between 
the accuracy of the TLV and QRA approaches. One is further 
hampered by the faa that the empirical data available to 
assess the carcinogenicity of specific chemicals are usually 
the result of animal experiments at high doses, together 
with a battery of short-term tests which are sometimes 
augmented by epidemiology studies that usually have scanty 
exposure information. The available occupational cohort 
studies have not followed workers for their entire lifetime 
and, thus, do not give complete information on agents 
which cause cancer many years after exposure. Conse¬ 
quently, no one at the present time can speak with scientific 
certainty about “safe” levels of exposure to carcinogens. 

Although decisions on the permissible exposure to car¬ 
cinogens are fraught with difficulty, we believe that rec¬ 
ommending maximum levels of occupational exposure 
should be guided by three principles: 

1. Scientifically, one should seek the most appropriate 
data and methods for predicting the effect of human 
exposure to carcinogens based on our latest theo¬ 
retical understandirg of the process of carcinogenesis. 

2. As a public health issue, one should admit the im¬ 
precision of our knowledge and compensate for our 
uncertainty by building into the system a margin of 
safety. 

3. As public policy, one should explicitly document the 
methodology. 

The increasing motivation to use QRA as a tool to es¬ 
tablish occupational health standards dates from the 1980 
decision by the Supreme Court to overturn the Occupa¬ 
tional Safety and Health Administration's (OSHA) newly 
proposed benzene standard/ 15> The court maintained that 
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OSHA had failed to show a significant reductior in risk 
going from 10 to 1 ppm. Although OSHA did not propose 
a formal policy in response to the decision, the agency has 
generally accepted the view that quantitation of risk is 
required for the regulation of carcinogens, and it has in¬ 
corporated QRAs into its standard setting activity since that 
time. 

Amidst the controversy associated with modeling a pro¬ 
cess ciu is incompletely understood scientifically and the 
judicial poli tical climate which favors the use of a quan¬ 
titative procedure to help regulate carcinogens in the gen¬ 
eral environment and workplace, the EPA and other reg¬ 
ulatory' agencies have opted for the use of a conservative 
approach in the development of risk assessment proce¬ 
dures. For example, the QRAs are usually based on the 
most sensitive species and use of the most conservative 
dose-response curve, while low weight is given to neg¬ 
ative epidem iological data.* 5} Although this procedure has 
been criticized by some industry representatives* I6) and 
some academic scientists,* 17) it would be difficult to per¬ 
form numerous risk calculations involving all plausible 
options for die many judgments that must be made in the 
development of a QRA. For most chemicals, this would 
result in such a wide range of risk estimates that the anal¬ 
ysis w'ould not be useful to the regulatory agency or to 
others formulating public policy. The CS-TLV Committee, 
on the other hand, provides recommendations for the use 


of industrial hygienists rather than setting governmental 
standards, and the Committee bases its recommendation 
on the professional judgement of its members. Both the 
TLVs and QRAs are subject to external reviews before 
adoption. 

With this perspective in mind, the authors compared the 
chemical carcinogens which were quantitatively evaluated 
by the two procedures. The first qualitative comparison is 
that only 16 chemicals appear on both the CS-TLV Com¬ 
mittee list and the EPA list. However, this apparent dis¬ 
agreement is not too surprising because of the substantially 
different mission of these two organizations and the ap¬ 
proaches they take when classifying the hazardous “po¬ 
tency” of chemicals. TLVs are quantitative guidelines for 
recommended exposures in the workplace, but there is 
no explicit estimate of the health risk associated with these 
levels. On the other hand, the ERA unit risk factor explicidy 
relates dose to cancer risk by means of a mathematical, 
linearized, multistage model of carcinogenesis, but few 
have been translated into pc rmissible exposure levels. Op¬ 
erating as an independent organization, the IARC reviews 
ail relevant scientific information in order to assess the 
evidence that an agent could alter the incidence of cancer 
in humans but makes no attempt to extrapolate beyond 
the range of the available data. likewise, no recommen¬ 
dation is given for safe exposure levels for regulation or 
legislation.* 14> 



FIGURE 2. Comparison of TLV, EPA unit risk dose-response, and animaJ bioassay results for vinyl cWoride exposure. 
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The principal reason for this wide disparity between the 
EP\ and the CS-TLV Committee may be explained primarily 
by the underlying philosophical principles governing the 
two organizations rather than the technical differences be¬ 
tween the two methods. The CS-TLV Committee is gov¬ 
erned by the principle that “Threshold limit values refer 
to airborne concentrations of substances and represent 
conditions under which it is believed that nearly all work¬ 
ers may he repeatedly exposed day after day without ad¬ 
verse effect. Because of wide variation in individual sus¬ 
ceptibility, however, a small percentage of workers may 
experience discomfort from some substances at concen¬ 
trations at or below the threshold limit; a smaller per¬ 
centage may be affected more seriously by aggravation of 
a pre-existing condition or by development of an occu¬ 
pational illness.” 112 * Use of the TLV for other purposes, 
such as community air standards, is specifically discour¬ 
aged by the Committee. Thus, the CS-TLV Committee rec¬ 
ommendations imply that there is a small degree of risk 
of occupational illness to some workers who are more 
susceptible than others. 

The Clean Air Act, which in part governs EPA’s approach 
to performing QRAs, is more philosophically conservative. 
The Act stales that Primary Air Standards must protea the 
public health with an adequate margin of safety based on 
a review of air quality criteria which reflects the latest state 
of scientific knowledge about the pollutant. The require¬ 
ment for an “adequate margin of safety” is intended both 
to address inconclusive scientific and technical information 
and to provide a reasonable degree of proteaion against 
hazards that research has not yet identified Recognizing 
that imposing zero emission for some substances would 
impose too heavy an economic burden on sociey, EPA has 
addressed die problem by proposing that the Best Avail¬ 
able Technology (BAT) be used to control carcinogens. If 
BAT controls leave an unreasonable residual risk, further 
controls will be considered. <17) 

When making a quantitative comparison between the 
ACGIH and the EPA approaches, substantial agreement is 
found when classifying the relative potencies of these car¬ 
cinogens, but substantial dispariy in the actual levels pro¬ 
posed or recommended Estimating lifetime cancer risks 
from occupational exposure at the ACGIH s TLV levels by 
using the EPAs QRA model sometimes resulted in extraor¬ 
dinarily high risk estimates, 68 percent from exposure to 
13 -butadiene and 19 percent from exposure to chloro¬ 
form, which may reflea either limitations in the QRA mod¬ 
eling approach or the TLV safety faaor approach. 

A safey iactor approach, such as that used by the CS- 
TLV Committee, is theoretically no more or less conserv¬ 
ative than a QRA approach which is linear at low doses 
and assumes no threshold. In praaice, however, use of a 
safety faaor of 5-10 or even 100-1000 is markedly less 
conservative than the QRA approach which determines an 
exposure level associated with a very small risk level such 
as l /w ( \ This pDint is illustrated for vinyl chloride in Figure 
2 which compares the EPA unit risk faaor for the upper 
confidence limit on the estimated human dose-response 


with the TLV and the results of animal bioassavs. With no 
attempt made to acknowledge the inconsistency produced 
by these differing methods, confusion and skepticism have 
resulted. Although there are strengths and weaknesses as¬ 
sociated with the approach of each group, it would seem 
that the CS-TLV Committee could make a major contri¬ 
bution to fostering control of carcinogens in the workplace 
by reviewing any available EPA QRA, or comparable mod¬ 
eling data when it updates or establishes a new TLV for a 
confirmed or suspected human carcinogen. When possi¬ 
ble, the CS-TLV Committee should also consider the results 
of studies that use more refined models for QRA. Being 
less constrained by the judicial-political climate than the 
regulatory agencies, the CS-TLV Committee should be bet¬ 
ter able to promptly adopt the most scientifically defensible 
extrapolation procedures available when a particular 
chemical is being studied in terms of recommended oc¬ 
cupational exposure values. 

Although many scientists remain skeptical about the pos- 
sibiliy of extrapolating the effects of carcinogens to low 
doses, a systematic evaluation of the results of these esti¬ 
mates in future editions of the TLV Documentation volume 
would help alleviate the confusion that now exists. 
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Commentary 


Interview with a Risk Expert* 

Daniel E. Koshlancf, Jr: 

Science: "Dr. Noitall, you are the ultimate authority on all 
types of rtslcs, a revered figure who has just appeared on 
national television." 

Noitall: "A vast understatement of my true value." 

Science : "You must have a large laboratory to uncover so 
many facts not available to the regulatory agencies." 

Noitall: "Facts are no longer created in laboratories; they are 
created in the media. Any pronouncement of mine repeated 
in three periodicals, four newspapers, or one television pro¬ 
gram is considered a fact My appearance on three talk 
shows is enough to qualify me as an expert It is no longer 
necessary to have a laboratory in my profession." 

Science: "Could you give an example of how to avoid risks?" 
Noitall: "Stay out of the home. More than 3 million people 
in the Unitisd States were injured in 1987 in home accidents; 
90 percent of all automobile accidents occur within 10 miles 
of home. It is imperative that you stay away from home" 
Science : "But I've heard that many accidents occur on high¬ 
ways." 

Noitall: "That is true. There is one fatality for every 10 
minutes of driving on the highways in the United States. 

I have developed a rigorous formula that shows that the 
more time spent on the highway, the greater the chance of 
an accident Therefore, I recommend driving 80 miles per 
hour as a way of reducing the time spent on highways and 
thus reducing your chance of accident 
Science: "If one stays away from home, is there not an in¬ 
creased chance of infectious diseases?" 

Noitall: "One has to give up sexual intercourse entirely. 
The danger of disease from that source is far greater than 
from eating an apple, and it should be avoided at all costs." 
Science: "Are: there other dangers about which the Environ¬ 
mental Protection Agency has failed to advise us?" 

Noitall: "Breathing. All breathing generates oxygen radicals, 
which are the main sources of mutations in DNA, leading 
to cancer, birth defects, and very peculiarly shaped mole¬ 
cules in the urine. Breathing has been observed 3 minutes 
before death in 100 percent of all fatalities. We urge every¬ 
one to stop breathing until the proper research has been 
carried out The EPA has been told about this relation and 
has failed to act on it, a scandalous display of irresponsi¬ 
bility." 

Science: "What about hazards from crime?" 

Noitall: "A third of all homicides are committed on inti¬ 
mates, about a third on acquaintances, and about a third 
on strangers. Hence, it is imperative to avoid intimates, 
acquaintances, and strangers in order to reduce your risk of 
homicide significantly." 

Science: "Can one ever completely eliminate a given risk?" 


Noitall: "One can reduce a risk to essentially zero by adopt¬ 
ing what I call 'the riskier alternative strategy/ For example, 
one could take up hang gliding, as it has been conclusively 
demonstrated that fewer hang gliders die of passive cigarette 
smoke than those who never participate in the sport. Peo¬ 
ple who bicycle without a helmet need not worry about a 
little nuclear reactor nearby. People who have a cocktail 
before dinner or wine with a meal need never worry about 
a little trichloroethylene in their drinking water. By the 
proper choice of alternative strategies, it is possible to reduce 
one's chance of dying of any particular disorder to any de¬ 
sired level. It has relieved many people of risk anxiety syn¬ 
drome." 

Science: "This seems so sensible; I am surprised people don't 
follow your advice." 

Noitall: "Most ignoramuses are in fact following my formula 
without knowing it Millions of people commute 20 miles 
to work, take airplanes, and choose hopelessly short-lived 
grandparents and still worry about clean drinking water. 
These people are secret admirers of peptic ulcers." 

Science: "We can't thank you enough for the time you are 
spending with us, but I have one last question. Do you 
practice what you preach?" 

Noitall: "Sadly, the answer is no. My family on the pater¬ 
nal side has a hereditary weakness whose clinical manifesta¬ 
tion is the 'eat, drink, and be merry' psychosis. As a result, 
all my ancestors on that side of the family have died pre¬ 
maturely, in their early nineties. I doubt whether I will 
escape the family curse," 


*Reprinted with permission from Science, Vol. 244, June 30, 1989, 
p. 1529. Copyright MAS, 1989. 
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SCIENCE AND ITS 
LIMITS: The 
Regulator’s Dilemma 

Alvin M. Weinberg 


PROLOGUE: The shift in environmental concerns from visible pollution to 
more subtle threats , such as toxic pollutants, presents special problems for 
regulators who must function outside the limits of scientific certainty. The 
same handicap besets judges who must adjudicate disputes over claims for 
damages arising from new and hazardous technologies that involve adverse 
health effects that are latent or unpredictable. 

In this area of uncertainly in which accidental exposure to hazards is 
rare, scientists resort to probabilistic risk assessment to estimate the likeli¬ 
hood and consequences of events that may carry a threat to human health. 
Such scientific techniques for the investigation of rare events, however, often 
cannot provide definitive answers for regulators and judges. 

In this essay physicist Alvin Weinberg suggests that instead of asking sci¬ 
entists for answers to unanswerable questions, regulators should settle for 
less-definitive answers and regulate on the basis of uncertainty. Technologi¬ 
cal fixes, including greater reliance on inherent safely features that depend 
on the immutable laws of nature, can help reduce risk. But ultimately, says 
Weinberg, it may be necessary> to establish some threshold beyond which 
blame for accidents and other untoward events would be unprovable and vic¬ 
tims would be compensated by a society as a whole.' 

Alvin M. Weinberg received his Ph.D. in physics from the University of 
Chicago in 1939. He has been a leading figure in the development of nu¬ 
clear energy and has served as director of the Oak Ridge National Labora¬ 
tory and as director of the Institute for Energy Analysis of the Oak Ridge 
Associated Universities. He is the coauthor o/The Physical Theory of Neu¬ 
tron Chain Reaction (1958) and has written extensively on nuclear energy, 
nuclear proliferation, and the interaction between modern technology and 
society. 
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I n his essay “Risk, Science, and Democracy,” William D. Ruckelshaus 
expresses very clearly what I call the regulator's dilemma. During the 
past 15 years. Ruckelshaus notes, there has been a shift in public 
emphasis from visible and demonstrable pollution problems, such as 
smog resulting from automobiles and raw sewage, to potential and largely 
invisible problems, such as the effects oflow concentrations of toxic pollutants 
on human health. This shift is important for two reasons. First, it has changed 
the way that science is applied to practical questions of public health 
protection and environmental regulation. Second, it has raised difficult 
questions about managing chronic risks within the context of free and 
democratic institutions. 2 

When the environmental concern was patent and obvious—such as the 
problem of smog in Los Angeles—science could and did provide unequivocal 
answers. Smog, for example, comes from the gas emissions from burning 
liquid hydrocarbons, and the answer to the smog problem lies in controlling 
these emissions. The regulator’s course was rather straightforward because the 
science upon which regulatory decisions are made was operating well within 
its power. However, when the environmental concern is subtle—for example, 
how much cancer is caused by an increase of 10 percent in mean background 
radiation—science is being asked a question that lies beyond its power; the 
question is trans-scientific. Yet the regulator, by law, is expected to regulate 
even though science can hardly help him; this is the regulator’s dilemma. 

Although my essay is subtitled The Regulator’s Dilemma, many of the 
same issues arise in the adjudication of disputes over who is to blame and who 
is to be compensated for damage allegedly caused by rare events, such as 
nuclear accidents. The regulator’s dilemma is also faced by the judge who is 
presiding over a tort case involving, for example, a claim for damages blamed 
on a toxic waste dump. Indeed, the regulator’s dilemma could equally be 
called the toxic tort dilemma. 

A lawsuit involving alleged injury from chemical pollutants is unlike the 
traditional liability case. If my car injures a pedestrian, I am liable to be sued. 
What is at issue, however, is not whether 1 have injured a pedestrian. Rather, it 
is whether I am at fault. On the other hand, if the lead from my car’s exhaust is 
alleged to cause bodily harm, the issue is not whether my car emitted the lead 
but whether the lead actually caused the alleged harm. The two situations are 
quite different. In the first example the relation between cause and injury is 
not at issue. In the second it is the issue. 

In this essay, therefore, I try to delineate more precisely those limits to sci¬ 
ence that give rise to the regulator’s dilemma. I speculate on how these 
intrinsic limits to science seem to have catalyzed a profound attack on science 
by some sociologists and public-interest activists. In addition, I offer a few 
ideas that may help the harried regulators finesse these trans-scientific issues. 

II 

Science deals with regularities in our experience; art deals with 
singularities. It is no wonder that science tends to lose its predictive or even 
explanatory power when the phenomena it deals with are singular. 
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irreproducible. and one of a kind—in other words, rare. Although science can 
often analyze a rare event after the fact—for example, the extinction of 
dinosaurs during the Cretaceous-Teniary period following the presumed 
collision of the earth and an asteroid—it has great difficulty predicting when 
such an uncommon event will occur. 

1 distinguish here between two sons of rare events—accidents and low- 
level insults, whose potential to cause injury' is unknown. Accidents are large- 
scale malf'u nctions whose etiology is not in doubt, but whose likelihood is very 
small. The partial nuclear reactor meltdown at Three Mile Island in 1979 and 
the release of toxic gas from a chemical plant at Bhopal, India, in 1984 are ex¬ 
amples of accidents. The precursors to these specific events—for example, the 
condition of the auxiliary water feed system and other components at Three 
Mile Island—and the way in w’hich the accidents unfolded are well under¬ 
stood. Estimates of the likelihood of the particular sequence of malfunctions 
are less firmly grounded. As the number of individual accidents increases, 
prediction of their probability becomes more and more reliable. We can 
predict very well how many automobile fatalities will occur in 1986; we can 
hardly claim the same degree of reliability in predicting the number of serious 
reactor accidents in 1986. 

Low-level insults are rare in a rather different sense. We know that about 
100 rems of radiation will double the mutation rate in a large population of 
exposed mice. How- many mutations will occur in a population of mice 
exposed to 100 millirems of radiation? In this case the mutations, if induced at 
all by such low levels of exposure, are so rare that to demonstrate an effect 
with 95 percent confidence would require the examination of many millions 
of mice. Although such an effort is not impossible in principle, it is in practice. 
Moreover, even if we could perform so heroic a mouse experiment, the 
extrapolation of these findings to humans w-ould still be fraught with uncer¬ 
tainty. Thus, human injury or abuse from low-level exposure to radiation is a 
rare event whose frequency cannot be accurately predicted. 

Ill 

When dealing with events of this sort, science resorts to the language of 
probability. Instead of saying that this accident will happen on that date, or 
that a particular person exposed to a low-level dose of radiation will suffer a 
particular fate, it tries to assign probabilities for such occurrences. Of course, 
where the number of instances is very large or the underlying mechanisms are 
fully understood, the probabilities are themselves perfectly reliable. In quan¬ 
tum mechanics there is no uncertainty as to the probability distribution of the 
phenomenon being described. In the class of phenomena considered here, 
however, even though the likelihood of an event happening or of a disease 
being caused by a specific exposure is given as a probability, the probability it¬ 
self is ver> ; uncertain. One can think of a somewhat fuzzy demarcation 
between wha?. I have called science and trans-science. The domain of science 
covers phenomena that are deterministic or whose probability of occurrence 
can itself be stated precisely, in contrast, trans-science covers those events 
whose probability of occurrence is itself highly uncertain. 
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Despite the difficulties, scientific mechanisms have been devised for 
estimating, however imperfectly, the probability of rare events. For accidents 
the technique is probabilistic risk assessment (PRA); for low-level insults 
various empirical and theoretical approaches are used. 

Although probabilistic risk assessment had been used in the aerospace 
industry for a long time (for example, to predict the reliability of compo¬ 
nents), it first sprang into public prominence in 1975 with a reactor safety 
study directed by nuclear engineer Norman C. Rasmussen. 3 The Rasmussen 
study, sponsored by the Atomic Energy Commission (now known as the 
Nuclear Regulatory Commission), was designed to estimate the public risks 
involved in potential accidents at commercial nuclear reactors. 

Probabilistic risk assessment, when applied to nuclear reactors, seeks to 
identify all sequences of subsystem failures that may lead to a failure of the 
overall system; it then tries to estimate the consequences of each subsystem 
failure so identified. The result is a probability distribution, P(C): that is. the 
probability, P, per reactor year, of a consequence having magnitude C. 
Consequences include both material damage and health effects. Usually, the 
probability of accidents having large consequences is less than the probability 
of accidents having small consequences. 

A probabilistic risk assessment for a reactor requires two separate 
estimates: first, an estimate of the probability of each accident sequence; 
second, an estimate of the consequences—particularly the damage to human 
health—caused by the uncontrolled radioactive effluents released in the 
accident. An accident sequence is a series of equipment or human malfunc¬ 
tions, such as a pump that fails to start, a valve that does not close, or an oper¬ 
ator confusing an ON with an OFF signal. We have statistical data for many of 
these individual events; for example, enough valves have operated for enough 
years so that we can, at least in principle, make pretty good estimates of the 
probability of failure. 

Uncertainties still remain, however, because we can never be certain that 
we have identified every relevant sequence. Proof of the adequacy of proba¬ 
bilistic risk assessment must therefore await the accumulation of operating 
experience. For example, the median probability of a core melt in a light water 
reactor, according to the 1975 Rasmussen study, was 1 in every 20,000 
reactor-years; the core melt at Three Mile Island's number two reactor (TMI- 
2) occurred after only 700 reactor-years. The number two reactor, however, 
differed from the reactors Rasmussen studied, and in retrospect, one could 
rationalize most of the discrepancy between his estimate and the seemingly 
premature occurrence at TMI-2. 

Since the core melt at Three Mile Island, the world’s light water reactors 
have accumulated some 1.500 reactor-years of operation without a core melt. 
This performance places an upper limit on the a priori estimate of the core- 
melt probability. Thus, if this probability were as high as 1 in every 1.000 
reactor years, the likelihood of surviving 1.500 reactor-years would not be 
more than 22 percent; put otherwise, we can say with 78 percent confidence 
that the core-melt probability is not as high as 1 in 1,000 reactor years. With 
500 light water reactors on line in the world, should we survive until the year 
2000 without another core melt, we could then say with 95 percent confidence 
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that the core-melt probability is not higher than 1 in 3,000 reactor-years. In 
the absence of such experience, one is left with rather subjective judgments. 
Although Harold W. Lewis, in his critique of Rasmussen's 1975 study, 4 asserts 
that he could not place a bound on the uncertainty of probabilistic risk 
assessment, Rasmussen argued that his estimate of core-melt probability may 
be in error by about a factor of 10 either way—that is, the probability may be 
as high as 1 in 2,000 reactor-years or as low as 1 in 200,000 reactor-years. 

As we see, after 3,000 reactor-years of operation without a core melt, we 
can say with about 78 percent confidence that Rasmussen’s upper limit (1 in 
2,000 reactor-years) is not too optimistic. Furthermore, if we survive to the 
year 2000 without a core melt, the confidence level with which we can make 
this assertion rises to 95 percent. Our confidence in probabilistic risk assess¬ 
ment can eventually be tested against actual, observable experience. Until this 
experience has been accumulated, however, we must concede that any 
probability we predict must be highly uncertain. To this degree our science is 
incapable of dealing with rare accidents, but time, so to speak, annihilates 
uncertainty in estimates of accident probability. 

Unfortunately, time does not annihilate uncertainties over consequences 
as unequivocally as it does uncertainties over frequency of accidents. A large 
reactor or chemical plant accident can cause both immediate, acute health 
effects and delayed, chronic effects. If the exposure either to radiation or to 
methyl isocyanate is high enough, the effect on health is quite certain. For 
example, a single exposure of about 400 rems will cause about half of the 
people exposed to die. On the other hand, in a large accident many people will 
also be exposed to smaller doses—indeed, to doses so low that the resulting 
health effects are undetectable. At Bhopal many thousands of people were 
exposed to methyl isocyanate but they recovered. We cannot say positively 
whether or not they will suffer some chronic disability. 

The very worst accident envisaged in the Rasmussen study, with a 
probability of 1 in 1 billion reactor-years, projected an estimated 3,300 early 
fatalities, 45,000 early illnesses, and 1,500 delayed cancers per year among 10 
million exposed people. Almost all of the estimated delayed cancers are 
attributed to exposures of less than 1.000 millirems per year—a level at which 
we are very hard put to estimate the risk of inducing cancer. Similarly, the 
American Physical Society’s critique of the Rasmussen study attributed an 
additional 10,(XX) deaths over 30 years among 10 million people exposed to 
cesium-135 distributed in a very large accident. 5 The average exposure in this 
case was assumed to be 250 millirems per year—again, a level at which our es¬ 
timates of the health effects are extremely uncertain. 

Has the nuclear community, particularly its regulators, figuratively shot 
itself in the foot by trying to estimate the number of delayed casualties as a re¬ 
sult of these low-level exposures? In retrospect, I think the Rasmussen study 
would have been on more solid ground had it confined its estimates to those 
health effects resulting from exposures at higher levels, w'here science makes 
reliable estimates. For the lower exposures the consequences could have been 
stated simply as the number of man-rems (the number of people multiplied by 
the number of rems) of exposure of individuals whose total exposure did not 
exceed, sax', 5,0*30 millirems, without trying to convert this man-rems number 
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into numbers of latent cancers. Thus, health consequence would be reported 
in two categories: (1) for highly exposed individuals, the number of health 
effects; and (2) for slightly exposed individuals, the total man-rems or even the 
distribution of exposures accrued by the large number of individuals so 
exposed. Perhaps such a scheme could be adopted in reporting the results of 
future probabilistic risk assessments: at least it has the virtue of being more 
faithful than the present convention to the state of scientific knowledge 

IV 

In both of my examples of accidents (Bhopal and nuclear accidents), 
many people are exposed to low-level insult. The uncertainties inherent in 
estimating the effects of such low-level exposure are heaped on top of the 
uncertainties in estimating the probability of the accident that may lead to 
exposure in the first place. 

Science has exerted great effort to ascertain the shape of the dose- 
response curve at low dose—but very' little, if anything, can be said with 
certainty about the low-dose response. Thus, to quote the report of the 
National Research Council, The Effects on Populations of Exposure to Low 
Levels of Ionizing Radiation: 1980 (also known as BEIR-III, for the commit¬ 
tee that prepared it, the Committee on the Biological Effects of Ionizing 
Radiation). “The Committee does not know whether dose rates of gamma or 
x-rays of about 100 mrads/yr are detrimental to man.... It is unlikely that 
carcinogenic and teratogenic effects of doses of low-LET radiation adminis¬ 
tered at this dose rate will be demonstrable in the foreseeable future.” 6 This 
prompted Philip Handler, then president of the National Academy of Sci¬ 
ences, to comment in his letter of transmittal to the Environmental Protection 
Agency, which had requested the study, “It is not unusual for scientists to 
disagree... (and)... the sparser and less reliable the data base, the more 
opportunity for disagreement— The report has been delayed... to permit 
time ... to display all of the valid opinions rather than distribute a report that 
might create the false impression of a clear consensus where none exists.” 7 

This forthright admission that science can say little about low-level 
insults I find admirable. It represents an improvement over the unjustified 
assertion in the BEIR-II report of 1972 that 170 millirems per year over 30 
years, if imposed on the entire U.S. population, would cause between 3,000 
and 15,000 cancer deaths per year. 8 1 do not quarrel with the estimated upper 
limit—which amounts to 1 cancer per 2.500 man-rems, but I regard placing 
the lower limit at 3,000 rather than at zero as unjustified. Moreover, I think it 
has caused great harm. The proper statement should have been that at 170 
millirems per year, we estimate the upper limit for the number of cancers to be 
15.000 per year; the lower limit may be zero. 

Since the appearance of the BEIR reports, two other developments have 
added to the burden of those who must judge the carcinogenic hazard of low- 
level insults: an awareness and study of (1) natural carcinogens, and (2) 
ambiguous carcinogens. 

Natural carcinogens. Is cancer environmental in the sense of being 
caused by technology’s effluents, or is it a natural consequence of aging? In the 
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past few years we have seen a remarkable shift in viewpoint; whereas 15 years 
ago most cancer experts would have accepted a primarily environmental 
etiology for cancer, today the view that natural carcinogens are far more 
important 'than are manmade ones has gained many converts. In his 1983 
article in Science , biochemist Bruce N. Ames marshaled powerful evidence 
that many of our most common foods contain naturally occurring carcino¬ 
gens. 9 Indeed, biochemist John R. Totter, former director of the Atomic 
Energy Commission’s division of biology and medicine, has offered evidence 
for the oxygen radical theory of carcinogenesis: that we eventually get cancer 
because we metabolize oxygen and subsequently produce oxygen radicals that 
can play havoc with our DNA. 10 As such views of the etiology of cancer 
acquire scientific support, I think that the trans-scientific question, as to how 
much cancer is caused by a tiny chemical or physical insult will be recognized 
as irrelevant. One does not swat gnats when pursued by elephants. 

Ambiguous carcinogens . To further complicate the cancer picture, there 
is evidence that some agents, such as dioxin, various dyes, and even moderate 
levels of radiation, seem to diminish the incidence of some cancers while 
simultaneously increasing the incidence of others. The lifespan of the animals 
exposed to these agents in laboratory tests on average exceeds that of animals 
not exposed. 11 A most striking example, given by biostatistician Joseph K. 
Haseman, is yellow dye number 14 given to leukemia-prone female rats. This 
dye completely suppresses leukemia, which is always fatal, but causes liver 
tumors, most of which are benign. 

I mention these two findings—or perhaps they should be considered 
points of view—to stress my underlying point: that when we are concerned 
with low-level insult to human beings, we can say very little about the cancer 
dose-response curve. Saying that so many cancers will be caused by so much 
low-level exposure to so many people, a practice that terrifies many people, 
goes far beyond what science actually can say. 

V 

Does the scientific community accept the notion that there are intrinsic 
limits to what it can say about rare events; that as events become rarer, the un¬ 
certainty in the probability of occurrence of a rare event is bound to grow? 
Perhaps a better way of framing this question is: Of what use can we put 
scientific tools of investigation of rare events, such as probabilistic risk 
assessment and large-scale animal experiments, if we concede that we can 
never get definitive answers? 

I believe that probabilistic risk assessment with an uncertainty factor as 
high as 10 is often useful, especially if one uses the technique for comparing 
risks. For example, the 1,500 reactor-years already experienced since the 
Three Mile Island accident suggest that a reactor core-melt probability is likely 
to be less than 1 in 1,000 reactor-years and may well be as low'as less than 1 in 
10,000 reactor-years. This is to be compared with dam failures whose 
probability, based on many hundreds of thousands of dam-years (where time 
has annihilated uncertainty), is around 1 in 10,000 dam-years. Even with an 
uncertainty factor of 10, we can judge how safe reactors are compared to dams. 

FALL 1985 
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When one compares the relative intrinsic safety of two very similar 
devices—such as two water-moderated reactors—probabilistic risk assess¬ 
ment is on much more solid ground. Here one is not asking for absolute 
estimates of risk, but rather for estimates of relative safety. If reactors A and B 
differ in only a few details—say reactor A has two auxiliary water feed trains 
whereas B has only one—the ratio of core-melt probabilities should be much 
more reliable than their absolute values because the ratio requires an estimate 
of failure of a single subsystem, in this instance the extra auxiliary water feed 
on reactor A. 

Not only can one say with reasonable assurance how much safer reactor 
A is than reactor B, but as a result of the detailed analysis one can identify the 
subsystems that contribute most to the estimated failure rate. Even if proba¬ 
bilistic risk assessment is inaccurate, it is very useful in unearthing deficien¬ 
cies; one can hardly deny that a reactor in which deficiencies revealed by 
probabilistic risk assessment have been corrected is safer than one in which 
they have not been corrected, even if one is unwilling to say how much safer. 

Somewhat the same considerations apply to low-level insult. An agent 
that does not shorten lifespan at high dose will not shorten lifespan at low 
dose. An agent that is a very powerful carcinogen at high dose is more likely to 
be a carcinogen at low dose than one that is a less powerful high-dose 
carcinogen. Thus, animal experiments surely are useful in deciding which 
agents to worry about and which not to worry about. Of course, the Ames test 
(which determines by a relatively simple procedure whether a substance is 
mutagenic) has made at least some preliminary screening of carcinogens more 
feasible because substances that cause mutations are considered to be poten¬ 
tial carcinogens. The difficulty today seems to be not so much identifying 
agents that at high dose may be carcinogens as it is prohibiting exposures far 
below levels at which no effect can be, or perhaps ever will be, demonstrated. 
The regulator and the concerned citizen are inclined to approve the Delaney 
clause of the Federal Food, Drug, and Cosmetic Act, which prohibits the use 
of any food additive that has been shown to cause cancer in laboratory 
animals or humans. This clause, however, is of no help in resolving such issues 
as the relative risks of. say, cancer induction by nitrosamines (carcinogenic 
compounds that can be formed in the body from nitrites) and digestive 
disorders caused by meat untreated with nitrites. 

The Delaney clause is the worst example of how a disregard of an 
intrinsic limit of science can lead to bad policy by overenthusiastic politicians. 
Harvard physicist Harvey Brooks has often pointed out that one can never 
prove the impossibility of an event that is not forbidden by a law of nature. 
Most will agree that a perpetual motion machine is impossible because it 
violates the laws of thermodynamics. That one molecule of a polychlorinated 
biphenyl (PCB) may cause a cancer in humans is a proposition that violates 
no law of nature: hence many, even within the scientific community, seem 
willing to believe that this possibility is something to worn,' about. It was this 
error that led to the Delaney clause. 

When is an event so rare that the prediction of its occurrence forever lies 
outside the domain of science and therefore within the domain of trans¬ 
science? Clearly we cannot say, and perhaps as science progresses, this 
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boundary between science and trans-science will recede toward events of 
lower frequency. At any stage, however, the boundary is fuzzy, and much 
scientific controversy boils over deciding where it lies. One need only read the 
violent exchange between Edward P. Radford and Harald H. Rossi over the 
risk of cancer from low levels of radiation to recognize that where the facts are 
obscure, argument—even ad hominem argument—blossoms. 12 Indeed, Alice 
Whittemore in her “Facts and Values in Risk Analysis for Environmental 
Toxicants,” has pointed out that facts and values are always intermingled at 
this “rare event” boundary between science and trans-science. 13 A scientist 
who believes that nuclear energy is evil because it inevitably leads to prolifera¬ 
tion of nuclear weapons (which is a common basis for opposition to nuclear 
energy) is likely to judge the data on induction of leukemia from low-level 
exposures at Nagasaki differently than is a scientist whose whole career has 
been devoted to making nuclear power work. Cognitive dissonance is all but 
unavoidable when the data are ambiguous and the social and political stakes 
are high. 


Vi 

No one would dispute that judgments of scientific truth are much 
affected by the scientist’s value system when the issues are at or close to the 
boundary between science and trans-science. On the other hand, as the matter 
under dispute approaches the domain of science, most would claim that the 
scientist’s extrascientific values intrude less and less. Soviet scientists and U.S. 
scientists may disagree on the effectiveness of a ballistic missile defense, but 
they agree on the cross section of U 23? or the lifetime of the pi meson. 

This all seems obvious, even trite. Yet in the past decade or so a school of 
sociology of knowledge has sprung up in Great Britain that claims that 
“scientific views are determined by social (external) conditions, rather than by 
the internal logic of scientific tradition and inherent characteristics of the 
phenomenal world,” 14 or that “all knowledge and knowledge claims are to be 
treated as being socially constructed: genesis, acceptance, and rejection of 
knowledge [is] sought in the domain of the Social World rather than ... the 
Natural World.” 15 

The attack here is not on science at the boundary with trans-science, in 
particular—the prediction of the frequency of rare events. At least the more 
extreme of the sociologists of knowledge claim that using traditional ways of 
establishing scientific truth—by appealing to nature in a disciplined man¬ 
ner—is not how science really works. Scientists are seen as competitors for 
prestige, pay, and power, and it is the interplay among these conflicting 
aspirations, not the w-orking of some underlying scientific ethic, that defines 
scientific truth. To be sure, these attitudes toward science are not widely held 
by practicing scientists; however, they are taken seriously by many political 
activists who, though not in the mainstream of science, nevertheless exert 
important influence on other institutions—the press, the media, the courts— 
that ultimately influence public attitudes toward science and its technologies. 

If one takes such a caricature of science seriously, how can one trust a sci¬ 
entific expert? If scientific truth, even at the core of science, is decided by 
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negotiation between individuals in conflict because they hold different non- 
scientific beliefs, how can one say that this scientist’s opinion is preferable to 
that one’s? Furthermore, if the matter at issue moves across the boundary 
between science and trans-science, where all we can say with certainty is that 
uncertainties are very large, how much less able are we to distinguish between 
the expert and the charlatan, between the scientist who tries to adhere to the 
usual norms of scientific behavior and the scientist who suppresses facts that 
conflict with his political, social, or moral preconceptions? 

One way to deal with these assaults on scientists and scientific truth 
would be to define a new branch of science, called regulatory science, in which 
the norms of scientific proof are less demanding than are the norms in 
ordinary science. I should think that a far more honest and straightforward 
way of dealing with the intrinsic inability of science to predict the occurrence 
of rare events is to concede this limitation and not to ask of science or 
scientists more than they are capable of providing. Instead of asking science 
for answers to unanswerable questions, regulators should be content with less 
far-reaching answers. For example, where the ranges of uncertainty can be 
established, regulate on the basis of uncertainty; where the ranges of uncer¬ 
tainty are so wide as to be meaningless, recast the question so that regulation 
does not depend on answers to the unanswerable. Furthermore, because these 
same limits apply to litigation, the legal system should recognize, much more 
explicitly than it has, that science and scientists often have little to say, 
probably much less than some scientific activists would admit. 

The expertise of scientific adversaries is often at the heart of litigation 
over personal injury alleged to be caused by subtle, low-level exposures. Each 
side presents witnesses whose scientific credentials it regards as impeccable. 
Because the issues themselves tend to be trans-scientific, one can hardly 
decide the validity of the assertions of either side’s witnesses. Under the 
circumstances, I suppose, one is justified in regarding a scientific witness no 
differently than any other witness; his credibility is judged by his past record, 
behavior, and general demeanor, as well as the self-consistency of his testi¬ 
mony. Such, at least, was the way in which a federal district court judge, 
Patrick Kelley, settled Johnston v. United States , in which the issue was the 
claim that exposure to radiation from reworking old aircraft instrument dials 
had caused injury; Kelley impugned, on grounds no different from those one 
would invoke in an ordinary lawsuit, the competence if not the integrity of 
some of the plaintiffs scientific witnesses. 


VII 


There are various ways to provide some assurance of safety despite 
uncertainty. Here I briefly describe two of these ways—which I call the 
technological fix and de minimis—without claiming that these are the most 
important, let alone the only, ones. 

Technological fix. Science cannot exactly predict the probability of a 
serious accident in a light water reactor or the likelihood that a radioactive 
waste canister in a depository will dissolve and release radioactivity to the 
environment. Can one design reactors or waste canisters for which the 
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probability of such occurrences is zero—or at least, where the prevention of 
such mishaps relies on immutable laws of nature that can never fail rather 
than on the less than reliable intervention of electromechanical devices? 
Surprisingly, this approach to nuclear safety has come into prominence only 
in the past five years. Kare Hannerz in Sweden and Herbert Reutler and 
Gunter H Lohnert in West Germany have proposed reactor systems whose 
safety does not depend on active interventions, but rather on passive, inherent 
characteristics. 16 Although one cannot say that the probability of mischance 
has been reduced to zero, there is Little doubt that the probabilities are several, 
perhaps three, orders of magnitude lower than the probabilities of mischance 
for existing, reactors. To the extent that such proposed reactors embody the 
principle of inherent safety, their adoption would avoid much of the dispute 
over reactor safety, the limits on nuclear accident liability contained in the 
Price-Anderson Act, repetition of the Three Mile Island accident, and so 
forth. In short, such a technological fix enables one largely to ignore the 
uncertainties in any prediction of core-melt probabilities. 

The idea of incorporating inherent or passive safety into the design of 
chemical plants had been proposed by Trevor A. Kletz of the Loughborough 
University of Technology in 1974, shortly after the disaster at the Flixborough 
cyclohexane plant, which killed 28 people. 17 1 suspect that one of the main 
consequences of the Bhopal disaster will be the incorporation of inherent 
safety features into new chemical plants; again, a way of finessing uncertainty 
in predicting failure probabilities. 

De minimis. A perfect technological fix, such as a totally safe reactor or a 
crash-proof car, is usually not available, at least at an affordable cost. Some 
low-level exposure to materials that are toxic at high levels is inevitable, even 
though we can never accurately establish the risk of such exposure. One way 
of dealing with this situation is to invoke the principle of de minimis. This 
principle, as Howard I. Adler and I suggested several years ago, argues that for 
insults that occur naturally and to which the biosphere has always been 
exposed and presumably to which it has adapted, one should not worry about 
any additional man-made exposure as long as the man-made exposure is 
small compared to the natural exposure. 18 The basic idea is that the natural 
level of a ubiquitous exposure (such as cosmic radiation), if it is deleterious, 
cannot have been very deleterious because in spite of its ubiquity, humans 
have survived. Moreover, we do not know and can never know what the 
residual effect of that natural exposure really is. An additional exposure that is 
small compared to natural background radiation should be acceptable; at the 
very least, its deleterious effect, if any, cannot be determined. 

Adler and I suggested that for radiation whose natural background is well 
known, one may choose a de minimis level as the standard deviation of the 
natural background. This turns out to be around 20 percent of the mean 
background, around 20 millirems per year; this value has been used as the 
Environmental Protection Agency standard for exposure to the entire radio¬ 
chemical fuel cycle. 

Scientists know more about the natural incidence and biological effects 
of radiation than they do about any other agent. It would be natural, therefore, 
to use the standard established for radiation as a standard for other agents. 
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This approach has been used by chemist T. Westermark of the Royal Institute 
of Technology in Stockholm. He has suggested that for naturally occurring 
carcinogens such as arsenic, chromium, and beryllium, one may choose a de 
minimis level to be, say, 10 percent of the natural background. 1 ’ 

Clearly, a de minimis level will always be somewhat arbitrary. Neverthe¬ 
less, it seems to me that unless such a level is established, we shall forever be 
involved in fruitless arguments, the only beneficiaries of which will be the 
toxic tort lawyers. Could the principle of de minimis be applied in litigation in 
much the same way it may be applied to regulation—that is, if the exposure is 
below de minimis, then the blame is intrinsically unprovable and cannot be 
litigated? I would imagine that the legal de minimis may be set higher than the 
regulatory de minimis; for example, the legal de minimis for radiation could 
be the background (after all, the BEIR-1I1 committee concedes there is no way 
of knowing whether or not such levels are deleterious). The regulatory 
de minimis could justifiably be lower, simply on grounds of erring on the side 
of safety. 

One approach may be to concede that there is some level of exposure that 
is beyond demonstrable effect. This defines a trans-scientific threshold. A 
de minimis level could then be established at some fraction, say one-tenth, of 
this beyond-demonstrable-effect level. For example, if we take 100 millirems 
per year of radiation as the beyond-demonstrable-effect level for general 
somatic effects (damaging somatic cells as opposed to germline cells), which is 
the value according to the BEIR-III committee, a de minimis level could be set 
at 10 millirems per year. Of course, such a procedure would evoke much 
controversy as to what is the beyond-demonstrable-effect level or whether 10 
is an ample safety factor. This example demonstrates, however, that at least in 
the case of low-level radiation, a scientific committee has been able to agree on 
a beyond-demonstrable-effect level. As for the safety factor of 10, this cannot 
be adjudicated on scientific grounds. The most one can say is that tradition of¬ 
ten supports a safety factor of 10—for example, the old standard for public ex¬ 
posure (500 millirems per year) was set at one-tenth of the tolerance level for 
workers (5,000 millirems per year). 

Can the principle of de minimis be applied to accidents? What I have in 
mind is the notion that accidents that are sufficiently rare may be regarded 
somehow in the same category as acts of God and be compensated accord¬ 
ingly. We already recognize that natural disasters should be compensated by 
the society as a whole. One can argue that an accident whose occurrence 
requires an exceedingly unlikely sequence of untoward events may also be 
regarded as an act of God. Thus, the Price-Anderson Act could be modified so 
that, quite explicitly, accidents whose consequences exceeded a certain level, 
and whose probability as estimated by probabilistic risk assessment would be 
less than, say, 1 in 1 billion per year, would be treated as acts of God. 
Compensation in excess of the amount stipulated in the revised act would be 
the responsibility of Congress. The cutoff for either compensation or for 
probabilities would be negotiable, and perhaps it would be revised every 10 
years or so. One not entirely fanciful suggestion may be to set any probability 
of the order of 1 in 10 million to 1 in 100 million per year to be a de minimis 
cutoff, this being the frequency at which the earth may have been visited by 
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the cometary asteroids that may have caused the extinction of species in past 
geologic eras. 


VIII 

As in most such questions, identifying and characterizing the problem is 
easier than solving it. That the dilemma of the regulator and the toxic tort 
judge is rooted in science’s inability to predict rare events cannot be denied. 
Getting the regulator and the toxic tort judge off the horns of the dilemma is 
far from easy, and my two suggestions—the technological fix and de 
minimis—are offered tentatively and with diffidence. 

Equally obvious is the intrinsic social dimension of the issue. In an open, 
litigious democracy such as ours, any regulation and any judicial decision can 
be appealed, and if the courts offer no redress, Congress, in principle, can do 
so. These legal mechanisms are ponderous, however. The result seems to me 
to be a gradual slowing of our technological-social engine as we become more 
and more enmeshed in fruitless argument over unresolvable questions. 

Western society was debilitated once before by such fruitless tilting with 
Don Quixotian windmills. I refer of course to the devastating campaign 
against witches from the fourteenth century to the early seventeenth century. 
As ecologist William Clark has put it so vividly, society took it for granted dur¬ 
ing that period that death, disease, and crop failure could be caused by 
witches. 20 To avoid such catastrophes, one had to bum the witches responsible 
for them—and consequently some million innocent people were burned. 
Finally, in 1610, the Spanish inquisitor Alonzo Salazar y Frias realized there 
was no demonstrated connection between catastrophe and witches. Although 
he did not prohibit the burning of witches, he did prohibit use of torture to ex¬ 
tract confessions. The burning of witches, and witch hunting generally, 
declined precipitously. 

I have recounted this story many times by now. Yet it still seems to me to 
capture the essence of our dilemma: the connection between low-level insult 
and bodily harm is probably as difficult to prove as the connection between 
witches and failed crops. I regard it as an aberration that our society has 
allowed this issue to emerge as a serious social concern, which in the modem 
context is hardly less fatuous than were the witch hunts of the past. That dark 
phase in western society died out only after several centuries. I hope our open, 
democratic society can regain its sense of proportion far sooner and can get on 
with managing the many real problems we always will face rather than waste 
its energies on essentially insoluble, and by comparison, intrinsically un¬ 
important, problems. ■ 
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The importance of perceptions of risks is illustrated by Table 1-1, 
which summarizes results of a public opinion survey. Most people 
seem to believe that life is becoming more dangerous, even though 
most objective measures show the contrary to be true. The expecta¬ 
tion of iife, for example, an inverse measure of the probability of 
dying, has steadily increased, from perhaps twenty-eight years fifteen 
centuries ago, to fifty years one century ago, to about seventy-two 
years currently, although the rate of increase has been decreasing. 
The increase has been brought about by the elimination of many 
large risks to life, among them many infectious and contagious dis¬ 
eases, poor working conditions, and inadequate nutrition. Figure 1-1 
shows the reduction in death rates in this century by age group. De¬ 
tailed examination shows that the increase since 1960 in the 15 to 24 
age group is due to automobile accidents. Doll (1979) has also shown 
how health, as measured by most medical indicators, is improving. It 
is now necessary to concentrate on the many smaller risks, often 
poorly understood, in order to further reduce total risks. Perhaps it is 

Table 1-1. Public Opinion Survey Comparing Risk Today to Risk 

of Twenty Years Ago. 

Q: Thinking about the actual amount of risk facing our society, would you say 
that people are subject to more risk today than they were twenty years ago, less 
risk today, or about the same amount of risk today as twenty years ago? 

Q: I’d like to start by asking you a few questions about the amount of risk we 
face in our day-to-day living. Thinking about the actual amount of risk facing 
our society, would you say people are subject to more risk today than th< / were 
twenty years ago, less risk today, or about the same amount of risk today as 
twenty years ago? 



Top 

Corporate 
Executives 
(N - 401) 

Investors, 
Lenders 
(N ~ 104) 

Congress 
(N = 47) 

Federal 
Regulators 
(N = 47) 

Public 
(N = 7,48' 




(percent) 



More risk 

38 

60 

55 

43 

78 

Less risk 

36 

13 

26 

13 

6 

Same amount 

24 

26 

19 

40 

14 

Not sure 

1 

1 


4 

2 


Source : Marsh & McLennan Companies (1980). 
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Figure 2-1. Accidental Deaths per Million Tons of Coal Mined 
in the United States. 



Figure 2-2. Accidental Deaths per Thousand Coa! Mine Employees 



1950 1955 1960 1965 1970 

Year 


What measures of risk are appropriate for a particular risk assess¬ 
ment depend on the specific details of the question the assessment is 
designed to illuminate. Presumably they will be the measures corre¬ 
sponding as Nearly as possible to the way in which the risks are per¬ 
ceived. In what follows we will usually be limiting consideration to 
risks of death (measured by probabilities of dying or expected excess 
numbers of deaths) resulting from various actions, although other 
risks will occasionally be mentioned. 

Although we shall not concern ourselves much with it, the dis¬ 
tinction between risks and measures of risk is not totally academic. 
A simple example is the American coal industry, taken as a whole, 
between 1950 and 1970. Figure 2-1 is a plot of one measure of risk 
in this industry —the number of accidental deaths per million tons of 
coal mined. Clearly this measure steadily declined during this period, 
so that, if we follow the industry through successive years, it appears 
to be getting safer. Looking at Figure 2-2, which shows the behavior 
of another measure of risk—the number of accidental deaths per 


thousand persons employed—one might naively assert that the indus¬ 
try is getting more dangerous, not safer. 

Evidently the two measures illustrated might be used to support 
opposing views on the safety of coal mining. Neither measure taken 
alone is right or wrong, nor are they even contradictory even though 
they may be so perceived. Any risk assessment supposed to be com¬ 
plete would have to draw attention to the two aspects of the risk of 
coal mining gauged by the two different measures and would have 
to take both into account, depending exactly on the purpose of the 
risk assessment. From a national point of view, given that a certain 
amount of coal has to be obtained, deaths per million tons of coal is 
the more appropriate measure of risk, whereas from a labor leader’s 
point of view, deaths per thousand persons employed may be more 
relevant. 

What steps to take to reduce the risk will depend on which of the 
two measures is used. Doubling the number of miners, each working 
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Figure 1-1. Death Rates at Five Year Intervals from 1900 to 1975 
for Various Age Groups: United States. 
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mum from some point of view. One attempt at reducing such possi¬ 
bilities is the objective analysis of risk, which is pursued throughout 
this book. 

To make any start on objective assessment it is necessary to realize 
what is being measured. Death is one clear objective measure. The 
total annual risk of death at any age is just the probability of dying 
within one year. In the absence of any extra causes, population aver¬ 
ages for this measure are obtained from national mortality tables (sec 
Chapter 7). But in risk assessments we are interested in additional 
risks of death or components of the total risk of death due to some 
specific actions undertaken either voluntarily or involuntarily. More 
often, we are interested in how much of an action to undertake, so 
that we wish to evaluate measures such as extra probability of death 
per unit of action (per cigarette smoked, or pei ton of coal mined, 
for example). 

Death is not the only measure of risk of interest, for, although it is 
probably the most objective one and for this reason often used, it 
may not capture large components of what are perceived as risks. In 
balanced decisions it may become vital to consider other measures, A 
few possible such measures are; 


Deaths 


Injuries 


f by age 
by cause 

. : 

{ by cause 
by type 


Illness 


Man-days lost 


f by cause 
by type 

< by severity index 

. : 

( by cause 
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Days of impaired health 

Days of pain 

Loss of life expectancy 


Total numbers (whole task) or 
probabilities (for individuals) 

per unit operation size 

per event 

per unit dose 
( per cigarette, 
per ton produced, 
per unit output, 
etc.) 
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This form of analysis constitutes an all-at-once technique, but one 
that is less useful than the preceding example (chemical hazards) be¬ 
cause it gives no clue as to how to reduce the risks. The limitation 
can be overcome if it is possible to analyze each event leading to risks 
as a sequence of well-understood events forming an event tree. A 
set of event trees would cover all possible cases leading to the final 
risky event. 

The most well-known use of event tree analysis is, perhaps, the 
analysis of nuclear reactor accidents in the so-called Rasmussen 
report (Nuclear Regulatory Commission 1975). The procedure will 
be briefly outlined here with a highly simplified example from the 
report. The first step is identification of all possible sequences of 
events that may lead to serious consequences to public health and 
safety, followed by the separation of these sequences into segments 
that are approximately independent of each other. By analyzing each 
event in each sequence separately, using theory or past experience or 
both, the overall probability of occurrence of the whole sequence 
can be evaluated. Thus the most probable (highly simplified) se¬ 
quence for catastrophic failure in a PWR is shown in Figure 3-6. The 
overall accident probability (with assumptions to be mentioned) is 
then equal to 

Probability of a pipe break (from theory and past data on other pipes) 

X probability of failure of emergency core cooling system (from a fault 
tree analysis) 

X probability of containment violation (more fault trees) 

X probability of unfavorable weather (past data on wind patterns, rain¬ 
fall, and so on) 

c Pi P2 P3 P4 * 

The accident described by this event tree is initiated by the break of 
a water pipe in the cooling system causing loss of coolant and result¬ 
ing, if the emergency core cooling system subsequently fails, in the 
meltdown of the reactor core and the release of the fission products 
therein. This may cause a violation of the concrete containment ves¬ 
sel, so that if the wind direction is right the released fission products 
may be blown over population centers, possibly causing radiation 
overdoses to a large segment of the population. In each case the 
probability of the event and also its severity must be evaluated. As 
indicated, the probability ( p x ) of a pipe break may be estimated 
from historical experience with pipes first in other industries, sec- 
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cases are examined in detail major flaws and weaknesses can be dis¬ 
covered, We are heartened, however, by the realization that many of 
the flaws can easily be remedied and that in at least one case (saccha¬ 
rin) common sense filled in the gaps. 

Before beginning a detailed discussion of individual studies, it is 
useful to picture an idealized scheme (Figure 6-1) of the complete 
decision process, and the place of risk assessment within it. Informa¬ 
tion is passed from scientist, engineer, and economist to risk assessor 
and to cost and benefit assessors. The results of these assessments 
and comparisons between them are made available to the decision- 

Figure 6-1. Idealised Scheme for Risk Analysis. 



Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Table 7-1. Some One in a Million Risks. 

Living in the United States: Time to accumulate a one in a million risk of death 
from the cause Indicated. 


Motor vehicle accident 

1.5 days 

Falls 

6 days 

Drowning 

10 days 

Fires 

13 days 

Firearms 

36 days 

Electrocution 

2 months 

Tornadoes 

20 months 

Floods 

20 months 

Lightning 

2 years 

Animal bite or sting 

4 years 

Occupational Risks. Time to accumulate a one 

in a million risk of 

occupation indicated. 


General 


Manufacturing 

4.5 days 

Trade 

7 days 

Service and Government 

3.5 days 

Transport and Public Utilities 

1 day 

Agriculture \ 

15 hours 

Construction 

14 hours 

Mining and Quarrying 

9 hours 

Specific 


Coal Mining (accidents) 

14 hours 

Police duty 

1.5 days 

Railroad Employment 

1.5 days 

Fire Fighting 

11 hours 


Other Risks. 

Cosmic Rays, 

One transcontinental round trip by air. 

Living 1.5 months in Colorado compared to New York, 
Camping at 15,000 feet for 6 days compared to sea level. 

Other Radiation 

20 days of sea level natural background radiation. 

2.5 months in masonry rather than wood building. 

1/7 of a chest X-ray using modern equipment. 

, &X£SX>^SZOZ 


Table 7-1. continued 

Eating and Drinking, 

40 diet sodas (saccharin) 

6 pounds of peanut butter (afiatoxin). 

180 pints of milk (afiatoxin). 

200 gallons of drinking water from Miami or New Orleans. 

90 pounds of broiled steak (cancer risk only). 

Smoking 

2 cigarettes 

Source: Tables 7-2 to 7-5. 

clearly into categories within which intercomparison is more easily 
justified and probably more accurate. Table 7-2 is a list of various 
commonplace risks of death, most of which would be considered 
involuntary. Notice that there may be some overlapping between 
categories (home accidents , for example, includes falls within the 
home). Table 7-3 shows some occupational risks, mostly risks of 
fatal accidents. Again, most such risks would be considered involun¬ 
tary by those exposed. Table 7-4, in contrast, shows a set of volun¬ 
tary risks of death, those incurred in sporting activities. Table 7-5 
is a further set of everyday risks, but now specialized to cancer risks, 
selected because such risks arouse particularly strong emotions. 

Before discussing these risks in more detail and indicating how 
they are all estimated, we would like to give another example that 
may help place these risks in perspective. Four tablespoons of pea¬ 
nut butter per day is shown as giving a risk of liver cancer of 8 X 
10“ 6 per year, or a lifetime risk of 6 X 10“ 4 . But four tablespoons of 
peanut butter corresponds to 400 kilocalories (Kcal), so if one were 
to eat only peanut butter, daily energy requirements would be sup¬ 
plied by 26 tablespoons per day, giving a lifetime liver cancer risk of 
4 X 10“ 3 , or 0.004. This should be compared with a lifetime proba¬ 
bility of any kind of cancer of about 0.25, even in the absence of 
peanut butter. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Table 7-*2. Some Commonplace Risks of Death in the United States, Based on Estimated U.S. Resident 
Population (Source 1 ). 


Risk 

Annual per 
Capita Risk a 

Annual 

Trend b 

Variability , 
Percent c 

Based On 

Source 

Motor vehicle accident 

Total 

2.4 x TO" 4 


10 

1950-78 

1 

Collision with pedestrian 

4.2 x 10' s 

-3.9 x 10' 7 

10 

1950-78 

2 

Home accidents^ 

1.1 x 10' 4 

-2.9 x 10' 6 

5 

1950-78 

2 

Falls 

6.2 x 1CT S 

-3.0 x 10' 6 

6 

1963-77 

2 

Drowning 

3.6 X 10' 5 

„ „ „ 

7 

1963-77 

2 

Fires 

2.8 x 10' 5 

-1.0 x 10" 6 

5 

1963-77 

2 

Inhalation and ingestion of objects 

1.5 x 10~ s 

... 

10 

1968-77 

2 

Firearms 

1.0 x 10~ s 

-2.4 x 10' 7 

8 

1968-77 

2 

Accidental poisoning 

Gases and vapors 

7.7 x 10' 6 


5 

1963-77 

2 

Solids and liquids 
(Not drugs or medicaments) 

6.0 x 10' 6 


10 

1971-77 

2 

Electrocution 

5.3 x 10' 6 

... 

5 

1971-77 

2 

Tornadoes 

6 x 10" 7 


100 

1950-77 

1 

Floods 

6 x 10' 7 


100 

1950-77 

1 

Lightning 

5 x 10' 7 

... 

18 

1971-77 

2 

Tropica! cyclones and hurricanes 

3 x 10' 7 


160 

1952-77 

i 

Bites and stings by venomous 
animals and insects 

2.4 x 10' 7 


13 

1971-77 

2 

Air Pollution 

2.4 x 10"* 



—see text — 



o\ 


2 

<s> 

5 

w 

m 

2 

m 

> 

2 

> 

r 

< 

cn 


a. Average over indicated years, if no trend is shown. The value of trend line in last year of indicated years is used if a trend is shown. 

b. Average annual change of annua! per capita risk during years shown. Least squares straight line fit of annual risk versus time. A trend is 
shown if the estimated trend was significant at the 5 percent level (two-tailed). 

c. Estimated standard deviation of annual per capita risk about the trend line (trend) or of the mean value (no trend). 

d. Home accidents includes some proportion of some of the following seven risks. 

Sources : 1. U.S. Bureau of the Census (1975, Annual). 2. National Safety Council (Annual). 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Table 7-3. Some Occupational Risks of Death. 


oo 


Occupation or industry 

Annua! Risk 3 

Annual 

Trend b 

1 Variability, 
Percent c 

Based On 

Source 

Manufacturing 

8.2 x 10' 5 

-1.6 x 10~ 6 

8 

1955-78 

1 

Trade 

5.3 x TO' 5 

-2.3 X 10~ 6 

15 

1955-78 

1 

Service and government 

1.0 x 10' 4 

-2.0 x 10* 6 

8 

1955-78 

1 

Transport and public utilities 

3.7 x 10' 4 

... 

16 

1955-78 

1 

Agricu!ture d 

6.0 x 10 -4 

... 

9 

1955-78 

1 

Construction 

6.1 x 10" 4 

-7.0 x 10' 6 

6 

1955-78 

1 

Mining and Quarrying 

9.5 x 10* 4 

. . . 

22 

7955-78 

7 

Farming 6 

3.6 x 10~ 4 

-5.0 x 10' 6 

7 

1964-77 

1, 2 

Tractor fatalities per tractor 

8.8 x 10' 5 

-1.0 x 10~ 5 

22 

1969-77 

7 

Metal mining and milling 

9.4 x 10' 4 

. . . 

15 

1959-71 

3 

Nonmetai mining and milling 

7.1 x 10' 4 

+ 2.3 x 10' 5 

15 

1959-71 

3 

Stone quarries and mills 

5.9 x 10* 4 


20 

1959-71 

3 

Coal mining (accidents) 

6.3 x 10' 4 

-1.0 x 10‘ 4 

46 f 

1963-77 

4 

Police officers killed in line of duty 






Total 

2.2 x 10' 4 

* * * 

19 

1975-78 

4 

By felons 

1.3 x 10' 4 

-2.1 x 10‘ 5 

8 

1975-78 

4 

Railroad employees 

2.4 x 10' 4 

-6.0 x 10’ 6 

7 

1963-77 

7,4 

Steel worker (accident only) 

2.8 x 10~ 4 

... 

7 

1969-72 

5 

Fire fighter 

8.0 x 10' 4 

... 

7 

1971-72 

5 


a. Per person at risk. Average over indicated years, if no trend is shown. The value of trend line in last year of indicated years is used if a 
trend is shown. 

b. Average annual change of annual risk during indicated years. Least squares straight line fit of annual risk versus time. A trend is shown if 
the estimated trend was significant at the 5 percent level. Note that the error estimates for these trends are generally large, 

c. Estimated standard deviation of annual risk about the trend line (trend) or of the mean value (no trend). Expressed as a percentage of the 
risk shown in the first column. 

d. Not strictly comparable with farming category, includes transport accidents and all agriculture. 

e. Not strictly comparable with agriculture category, refers to nontransport deaths occurring on farms, the population at risk being assumed 
to be all employed workers, unpaid family members working more than fifteen hours per week and operators working more than one hour per 
week. 

f. The large variability is due to the bad choice of model (straight line fit) and the large changes occurring in the years indicated. 

Sources : 1. National Safety Council (Annual). 2. U.S. Department of Agriculture (1979). 3. U.S. Bureau of Mines (Annual). 4. U.S. Bureau 
of the Census (Annual). 5. Baldewlcz et al. (1974)., 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Table 7-4. Annual Fatality Risks in Sports. 3 


Sport 

Average 

Annuaf 

Risk b 

A verage Annuaf 
Deaths 

Estimated 
Population 
at Risk 

r 

Years of 
Coverage 

Source 

Aerial acrobatics (professional) 

< 2 x 10' 3d ' h 

0.22 

360 

1970-78 

1 

Air show/air racing and acrobatics 

5 x TO' 3 

4.9 

1,050 c 

1971-77 

1 

Flying amateur/home built aircraft 

3 x TO" 3 

25 

8,000° 

1970-77 

1 

Bicycle racing (registered) 

< 9 x icr 5d>e 

0.33 

9,800 

1970-78 

1 

Boating 

5 x 10~ 5 

1,300 

27 x 10 5 

1972-78' 

2,3 

Bobsledding 

Football 

< 7 x 10" 4d>f 

0 

450 

1970-78 

1 

Sandlot 

2 x 10' 6 

1.7 

10 6 

1970-78 

1 

Professional and Semiprofessional 

< 4 x icr 4d ’ g 

0.11 

1,500 

1970-78 

1 

High school 

1 x 10' 51 

13 

10 6 

1970-78 

1 

College 

3 x 10" sl 

1.2 

40,000 

1970-78 

1 

Glider flying 

4 x 1 O' 4 

7 

18,000° 

1970-77 

1 

Hang gliding 

~ 8 x icr 4 

31 

20,000-60,000 

1974-78 

1 

Hunting 

3 x 10' s 

600-800 

22 x 10 6 

1972 

2,3 

Ice yachting 

< i x ur 4d > h 

0.22 

4,500-6,500 

1970-78 

1 

Lighter-than-alr flying 

~ 9 x icr 4 

2.6 

3,000 c 

1970-77 

1 

Mountaineering 

6 x 10~ 4 

34 

60,000 

1970-78 

1 

Mountaineering^ 

7 x 10" 4 

12 

19,000 

1951-60 

4 

Power boat racing 

8 x icr 4 

5.2 

6,500 

1970-78 

1 

Professional stunting 

< 1 x 10" 2d>i 

1 

200 

1975-78 

1 

Rodeo* 

< 3 x i<r sd ' e 

0.33 

34,000 

1970-78 

1 


Scuba diving 

4 

X 

10* 4 

126 

300,000 

1970-76 

1 

Ski racing 

2 

X 

10" 5 

2 

81,000 

1970-78 

i 

Spelunking 

< i 

X 

10" 4d ’' 

0.44 

10,000 

1970-78 

1 

Sport parachuting 

2 

X 

10" 3 

41 

25,000 

1970-78 

1 

Thoroughbred horseracing 

1 

X 

10‘ 3 

2.6 

1,800 

1970-78 

1 

Swimming 

3 

X 

10’ s 

2,600 

82 x 10 6 

1972-78* 

2 


a. No error estimates are given. The reason is that, although we could give statistical sampling errors on the risks shown, the population size is so 
uncertain in most cases (by a factor of 2 to 3) that this uncertainty dominates. 

b. Per person at risk. See preceding note on error estimates. 

c. This population corresponds only to pilots certified by the Federal Aviation Administration. „ 

d. The value shown is statistical 95 percent confidence upper bound, assuming risk proportional to person-years of exposure and a Poisson dis¬ 
tribution of deaths. See also note a on error estimates. 

e. Three deaths observed in time indicated. 

f. No deaths observed in time indicated. 

g. One death observed in time indicated. 

h. Two deaths observed in time indicated. 

i. Four deaths observed in time indicated. 

j. Population figures from 1972, deaths from 1978 . We have assumed a similar population went swimming or boating in 1978. 

k. Not strictly comparable with the preceding entry, also labeled Mountaineering. The figure in the population column is total man-mountain- 
ays, and the risk is per man-mountain-day. This agrees with the previous figure for annual risk if an average of ~ 0.9 days per year is spent moun- 
aineering, but note that the yean; of coverage differ also. 

l. If participation has remained constant, as we assume, there are possibly decreasing trends in these risks. 

Sources : 1. Metropolitan Life Insurance Company (1979). 2. U.S. Bureau of the Census (Annual). 3. National Safety Council (Annual)* 4. Fer- 
s (1963). (The article also discusses some of the problems of interpretation of risks such as those shown in this table). 


co 

o 


2 

£ 

55 

tn 

z 

m 

3 

> 

z 

> 

r 

< 

C/> 


< 

PJ 

S3 

*< 

o 

> 

< 

r 


> 

a 

> 

w 

> 

r 

o 

a 

a 

w 


o 

*13 

X 


cn 

J* 


(A 



K 

C 


In 

in 

s* 

9 

fef 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Table 7-5. Everyday Cancer Risks. 3 


A nnuai A verage R isk c Estimated Uncertainty d Source 


Current Cancer Rates b 


All Cancers 

Buccal cavity, pharynx, respiratory 

Digestive organs and peritoneum 

Bone, connective tissue, skin, breast 

2.8 x 10‘ 3 \ 

7.2 x 1CT 4 \ 

7.5 x icr 4 1 

3.1 x 10~ 4 ' 

l ~ 20% 

1 

Genital organs 

Urinary tract 

Other 

Leukemia and other blood and lymph 

Cosmic Ray Risks f 

Airline pilot (50 hours per month at 12 kilometers altitude) 

3.2 x 10~ 4 i 

1.2 xIO' 4 

2.7 X 10" 4 
2.6x1 O' 4 > 

4 x 10~ 5 \ 

1 

( 2 

One transcontinental round trip by air per year 

10' 6 

| I 

2 

Frequent airline passenger (4 hours per week flying) 

10' 5 1 

Factor | 

i 2 

Living in Colorado compared to New York 

8 x 10'® | 

3 

Camping at 15,000 feet for 4 months per year 

2 x ur 5 ' 

> of3f i 

' 3 

Other Radiation Risks 

Natural background radiation (sea level) 

2.0 X 10' 5 I 

i 

3 

Average diagnostic medical X-rays in the United States 

2.0 x 10' 5 

1 

4 

Living in masonry building rather than wood 

5.0x10'® t 


V 5 

Eating and Drinking 

One 1 Xh ounce diet drink per day 

Average saccharin consumption in the United States 

Four tablespoons peanut butter per day* 

10~ 5 > 
2.0x10' s . 

8.0 x 10' 6 j 

I Factor 

See text. 

One pint milk per day 1 

2.0 x 10'® 

\ of 

Miami or New Orleans drinking water 

10'® I 

I order 10 


Vz lb. charcoal broiled steak per week 
(cancer risk only; heart attack and other risks additional) 

alcohol, averager 1 over smokers and nonsmokers g 

1 

3.0 x 10" 7 ; 

5.0 x 10' 5 \ 

Factor of 

See text. 

Alcohol, light drinker (one beer per day) g 

2.0 x 10' 5 J 

order 10 


Tobacco h 

Smoker, cancer only 

1.2 x 10' 3 ) 

Factor j 


Smoker, all effects (including heart disease) 

3.0x1 O' 3 j 

of 3 ( 

See text. 

Person sharing room with smoker 

10' 5 

Factor of 10 ) 


Air Pollution 

Polycyclic organics, all effects 

1.5 x 10' 5 

See text. 

See text. 


a. These are risks of death, the difference between incidence and mortality being well within the uncertainties shown, (except for the Current 
Cancer Rates category. 

b. Included to give some perspective. The figures given correspond approximately to the lifetime risk divided by the lifetime. The lifetime risk 
is estimated by the fraction of those dying who die of the given cancer, average lifetime is estimated as seventy years. Since cancer rates increase 
rapidly with age and the population age structure is changing, these figures are only approximate. Data from Vital Statistics of the United States, 
1975. 

c. Averaged over the whole population of the United States. 

d. Even the uncertainties in these estimates can be very large. The uncertainties are mostly estimated subjectively and are conditional on the 
models used for extrapolation being approximately correct. 

e. Averaged over males and females. The risk is approximately double for females only. 

f. We assume a linear model with a total of 1 cancer per 5,000 man-rem, corresponding to BElR 1972. More recent estimates of the BEIR 
committee (1980) would give slightly lower estimates. 

g. Cirrhosis of the liver. Not a cancer, but included here since the methods used are similar. It is possible that in this case there is a threshold 
effect for damage. In addition there is some evidence that moderate alcohol consumption is associated with lower death rates from other diseases. 

h. Based on human data. 

Based on human data for aflatoxin carcinogenicity. Note that we assume that the measured aflatoxins are aflatoxin B, the most potent. If 
corresponds to other aflatoxins, these estimated risks should be reduced. 

Sources : (The following references are the sources of data used in the models. We have estimated the risks). 1. U.S. Department of Health, 
Education and Welfare (1975). 2. United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) (1962). 3. Oakley 
(1972). 4, United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) (1977). We have used the bone marrow dose 
here. 5. Moeller and Underhill (1976). 

Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Risk Management Commentary 
for 

Dr. D. Allan Bromley 
Assistant to the President 
for 

Science and Technology 


I. Presidential Objectives: 

1. The very best science should determine the allocation of resources. Public 
fears drive much of regulatory and Congressional actions. These public 
concerns are often inconsistent with science-based selection of those factors 
most effective in improving public health. 

2. Coherent policies, methodologies, and procedures for establishing regulatory 
objectives of the federal agencies on a scientific basis. These should 
effectively incorporate current science, peer review, and public participation. 

3. Maximize the effectiveness of our huge national expenditures arising from 
regulations for improving health and safety by a balanced allocation of 
priorities and resources. 

4. Minimize congressional prescriptions on details of risk management to give 
the agencies more flexibility to meet regulatory objectives with minimal 
impact on economic activities. 


II. Recommendations: 

1. Appoint a deputy for a full-time focus on Risk Assessment and Management. 
Select someone who understands the complexities of the issues. 

2. Establish a Council (or PCAST Subcommittee) on Risk Assessment and 
Management for review and guidance of agency criteria, methodologies and 
procedures. This would provide scientific oversight on proposed agency 
activities and regulations. It would also coordinate the large number of 
existing government committees and programs already engaged on specific 
agency tasks.. 

3. Coordinate with OMB on the process for economic evaluations and agency 
implementation of OMB procedural recommendations. 

Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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4. Initiate a public education program on the realities of risks and choices (both 
governmental and individual), comparative risks, benefit-risk balance, and 
the acceptability of low-level exposures in daily life. The Society for Risk 
Analysis may be a vehicle for such a program. Modest financial support 
would be needed for workshops, bulletins, teaching material, etc. 


III. Background Issues: 

The cumulative national direct cost burden of proposed reductions of 
enviror.mental risks is likely to exceed $100 billions per year (e.g. clean air, toxic, 
CFCs, C02, electricity fields, house radon, hazardous waste, etc.). Indirect costs 
will increase this burden. These costs will become publicly apparent through 
their large inflationary effect on costs. They cannot be ignored. Unfortunately, 
there is no upper bound to such expenditures as long as "zero" risk is the 
political target, except a national resource limitation. Recognizing that poverty 
is the greatest social pollutant, the effect on the productivity of the economy 
must be considered. 

Congress has implied in several acts that the cost of meeting health and safety 
objectives should not be considered in setting regulatory objectives. However, 
this does not preclude the establishment of regulatory targets consistent with the 
optimal distribution of our resources to improve health and safety. This is a 
central issue, as it is the operational intersection of risk assessment with risk 
management Even a crude disclosure of the relative importance of risks might 
diminish the prescriptive tendencies of Congress, and shift the decision 
initiatives to the agencies on the allocation of funds and attention. 

Public confidence in the wisdom, objectivity, credibility, and feasibility of 
governm ent regulatory actions is an essential objective. This requires that the 
suggested OSTP Council be broadly based with expertise from all stakeholders 
(academia, government, industry, public groups, etc.) and is constituted to 
consider risk assessment, management, and communication. Obviously, such a 
Council would need staff support for organizing briefings, discussions, and 
fundings. 
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IV. Risk Assessment: 


The quantitative establishment of the relationship between public exposure to a 

hazard and its health and safety consequences suffers from several handicaps. 

1. Analytic uncertainties become larger as the exposure levels per person 
becomes smaller because the data base becomes vague and finally 
nonexistent. At the same time, the number of people involved tends to 
increase, so the cumulative public risk becomes indeterminate. As a substitute 
for scientific information, agencies use simplified extrapolations of high level 
data and "worst case" projections for regulatory purposes. 

2. The agencies treat each hazard as an independent source of risk, and use 
fixed criteria for setting targets (e.g. EPA's 1 in a million lifetime risk). 
Comparative risk analysis is generally absent, although implicit balancing of 
the public perceptions of the relative importance of risks is subconsciously 
involved in agency attention. 

3. The "worst case" syndrome pervades agency decisions. Given the 
uncertainties of the data, it is easier to publicly defend a "worst case" choice. 
However, the economic consequences may be extremely large, particularly 
when orders of magnitude are involved. 

4. It is impossible to consistently use "worst case" analysis. Agencies tend to 
apply "worst case" projections to selected situations they choose to analyze, 
and to ignore the actual risks of unanalyzed hazards. This tends to make 
regulation arbitrary, capricious, and independent of the actual risk. 

V. Risk Management: 

1. There are no generally accepted measures as yet developed to compare the 
unlike consequences of a variety of risks (e.g. life threatening vs physical 
impairment, human vs ecologic, physical vs psychological, short term vs long 
term, etc). Nevertheless, such implicit evaluations are being made, and are 
shaped by the cultural biases of the decision makers. 

2. There are no guidelines for comparative cost-effectiveness of the remedial 
measures imposed by regulations to achieve improvement in health or 
ecology, or of the reduction of involuntary exposures to risks. Regulations 
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are usually justified on the basis of individual risk reductions, without 
reference to the comparative cost-effectiveness of other risk reduction 
measures. 

3. The responsibility for the implementation of risk management is shared in 
practice between government, industry, and the public. This is a very 
complicated interaction and can only be successful if all sectors agree on the 
objectives. In this respect, the Nuclear Regulatory Commission has pioneered 
in a sharing of responsibilities with the industry. It should be studied as a 
developing risk management system. 

4. The individual exposure to risks arises from food, water, air, industry, life¬ 
style systems, work, etc. Many federal agencies are involved (FDA, EPA, 
NRC, HHS, OSHA, DOE, DOD, DOT,etc). The need for an Executive Office 
guidance and overview has been growing during this past decade. 

5. The financial consequences of risk management regulations may be one of 
our' largest national cost factors, indirectly comparable to health services and 
defense. It requires a scientific basis for rational decision making. It deserves 
OSTP attention at the highest level. 

6. The Senate version of the Clean Air Act, S.1630, contains a long section on the 
establishment of a 10 member Risk Assessment and Management 
Commission. As presently proposed, this Commission reports to the 
President and Congress. It is intended to have a 4 year life. If this legislation 
is passed, its relationship to PCAST and the OSTP should be considered. This 
proposed Commission is focussed on air pollution.. The OSTP interest 
shoul d encompass the wider spectrum of risks covered by other federal 
agencies. 
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Bisk Assessment and Comparisons: 
An Introduction 

Richard Wilson and E. A. C. Crouch 


Risk assessment is presented as a way of examining risks 
so that they may be better avoided, reduced, or otherwise 
managed. Risk implies uncertainty, so that risk assess¬ 
ment is largely concerned with uncertainty and hence 
with a concept of probability that is hard to grasp. The 
results of even the simplest risk assessments need to be 
compared with similar assessments of commonplace situ¬ 
ations to give them some meaning. We compare and 
contrast some risk estimates to display their similarities 
and differences, 


E very day ^ve t.ake risks and avoid others. It starts as 
soon as we wake up. One of us lives in an old house that had 
old wiring.. Each time he turned-on the light, there was a 
small risk of electrocution. Every year about 200 people are 
electrocuted in tile United States in accidents involving home wiring 
or appliances, representing a risk of death of about I0~ 6 per year, or 
7 x 10“ 5 per lifetime. To reduce this risk, he got the wiring 
replaced. When we walk downstairs, we recall that 7000 people die 
each year in fails in U.S. homes. But most are over 65, so we pay 
little attention to this risk since both of us are younger than that. 

How should we go to work? Walking is probably safer than using 
a bicycle, but would take live times as long and provide less healthful 
exercise. A car or, better, public transport would be both safer and 
faster. Expediency wins out, and the car comes out of the garage. 
Fortunately, the choice nowadays is not between horse or canoe— 
both of which are much more dangerous. The day has just begun, 
and already we axe aware of several risks, and have made decisions 
about them. 

Most of us act semi-automatically to minimize our risks. We also 
expect society to minimize the risks suffered by its members, subject 
to overriding moral, economic, or other constraints. In some cases 
these constraints will dominate, in others there will be trade-offs 
between the values assigned to risks and the constraints. Risk 
assessments, except in the simplest of circumstances, are not de¬ 
signed for making judgments, but to illuminate them (i). To 
effectively illuminate, and then to minimize, risks requires knowing 
what they are and how big they are. This knowledge usually is 
gained through experience, and the essence of risk assessment is the 
application of this knowledge of past mistakes (and deliberate 
actions) in an attempt to prevent new mistakes in new situations. 

The results of risk iissessments will necessarily be in the form of an • 
estimate of probabilities for various events, usually injurious. The 
goal in performing a risk assessment is to obtain such estimates, 
although we consider the major value in performing a risk assess- 
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ment is the exercise itself, in which (ideal!}') all aspects of some 
action are explored. The results, goals, and values of performing the 
risk assessment must be sharply contrasted with the cultural values 
assigned to the results. Such cultural values will presumably be 
factors influencing societal decisions and may differ even for risk 
estimates that are identical in probability’. 


Risk and Uncertainty 

The concept of risk and the notion of uncertainty are closely 
related. We may say that the lifetime risk of cancer is 25%, meaning 
that approximately 25% of all people develop cancer in their 
lifetimes. Once an individual develops cancer, we can no longer talk 
about the risk of cancer, for it is a certainty. Similarly if a man lies 
dying after a car accident, the risk of his dying of cancer drops to 
near zero. Thus estimates of risks, insofar as they are expressions of 
uncertainty, will change as knowledge improves. 

Different uncertainties appear in risk estimation in different ways 
(2). There is clearly a risk that an individual will be killed by a car if 
that person walks blindfolded across a crowded street. One pan of 
this risk is stochastic; it depends on whether the individual steps off 
the curb at the precise moment that a car arrives. Another part of the 
risk might be systematic; it will depend on the nature of the fenders 
and other features of the car. Similarly, if two people are both heavy 
cigarette smokers, one may die of cancer and the other not; we 
cannot tell in advance. However there is a systematic difference in 
this respect between being, for instance, a heavy smoker and a 
gluttonous eater of peanut butter, which contains aflatoxin. Al¬ 
though aflatoxin is known to cause cancer (quite likely even in 
humans), the risk of cancer from eating peanut butter is much lower 
than that from smoking cigarettes. Exactly how much lower is 
uncertain, but it is possible to make estimates of how much lower 
and also to make estimates of how uncertain we are about the 
difference. 

Some estimates of uncertainties are subjective, with differences of 
opinion arising because there is a disagreement among those 
assessing the risks. Suppose one wishes to assess the risk (to 
humans) of some new chemical being introduced into the environ¬ 
ment, or of a new technology. Without any further information, all 
we can say about any measure of the risk is that it lies between zero 
and unity. Extreme opinions might be voiced; one person might say 
that we should initially assume a risk of unity, because we do not 
know that the chemical or technology is safe; another might take the 
opposite extreme, and argue that we should initially assume that 
there is zero risk, because nothing has been proven dangerous. Here 
and elsewhere, we argue that it is the task of the risk assessor to use 
whatever information is available to obtain a number between zero 
and one for a risk estimate, with as much precision as possible, 
together with an estimate of the imprecision. In this context, the 
statement £C I do not know' 5 can be viewed only as procrastination 
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and nor responsive to the request for a risk estimate (although this 
should not be read as condemning procrastination in all circum¬ 
stances). 

The second extreme mentioned, the assumption of zero risk, can 
arise because people and government agencies have a propensity to 
ignore anything that is not a proven hazard. We argue that this 
attitude is inconsistent if the objective is to improve the public 
health, may also lead to economic inefficiencies, and often leads to 
unnecessary contention between experts who disagree strongiv. 
Fortunately, if risk assessors have been diligent in searching out 
hazards to assess, Few hazards posing large risks will be missed in this 
way, so that there may be minor direct danger to human health from 
a continuation of the attitude. 


Risk Estimation Based on Historical Data 

The way in which risks are perceived is strongly correlated with 
the way in which they are calculated. Risks based on historical data 
are particularly easy to understand and are often perceived reliably. 
It is therefore easy to illustrate a risk calculated from historical data 
to understand some characteristics of risk estimation. There are 
plenty of data on automobile accidents (although never enough to 
make risk assessors happy). One thing that these data can tell us is 
the frequency of such accidents in the past and their trend through 
rime. To make predictions, however, we must use a model. The 
simplest model is that there will be as many accidents next year as 
last, to within a statistical error of the square root of the number. A 
slightly more complicated, but perhaps more accurate, model might 
be to fit a mathematical function to numbers from previous years 
and to argue that next year’s accidents will follow the trend given by 
this function. A possibly better and possibly more accurate model 
still might use all available information that might influence accident 
trends. For example, an oil embargo with a concomitant rise in oil 
price and reduction in automobile travel would be likely to reduce 
the risk of accident. In any event, it becomes dear that it is 
impossible to calculate any risk without a model of some sort, even 
the simple one that tomorrow will be like today. 


Risks of New Technologies 

We can only use the historical approach to estimating risks when 
the hazard (for example, technology, chemical, or simply some 
action) has been present for some rime and the risk is large enough 
to be directly measured (although when it is not large enough to be 


Table 1 . Comparison of several common radiation risks. 


Action 

Dose 

(mrem/ 

year) 

Cancers if ail 
U.S. population 
exposed 

(assuming linearity) 

Medical x-rays 

40 

1100 

Radon gas (1.5 pCi/litcr, equivalent 

500 

13,500 

dose)* 

Potassium in own bedv 

30 

1000 

Cosmic radiation at sea level 

40 

1100 

Cosmic radiation at JDenver 

65 

1800 

Dose to average resident near 

5000 

Not relevant 

Chernobyl first year 

One transcontinental round trip bv air 

5 

135 

Average within 20 miles of nuclear plant 

0.02 

>1 


*The radon exposure is to the lungs and cannot be directly compared to whole body 
external exposure. The comparison here is on the basis of the same magnitude of risk 
The uncertainty of the radon number is at least a factor of 3. 
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Table 2. Some commonplace risks (mean values with uncertainty). 


Action 

Annual risk 

Uncertainty 

Motor vehicle accident (total) 

2.4 x 10- 4 

10% 

Motor vehicle accident 

4.2 x 1(T 5 

10% 

(pedestrian only) 

Home accidents 

1.1 x I(T 4 

5% 

Electrocution 

5.3 X 1(T 5 

5% 

Air pollution, eastern United States 

2 x 1(T 4 

Factor of 20 

Cigarette smoking, one pack per day 

3.6 x 1CT 3 

downward only 
Factor of 3 

Sea-ievel background radiation 

2 x IQ’ 5 

Factor of 3 

(except radon) 

All cancers 

2.8 x 1(T 3 

10% 

Four tablespoons peanut butter per dav 

8 x 1(T 5 

Factor of 3 

Drinking water with EPA limit of 

6 x 1(T 7 

Factor of 10 

chloroform 

Drinking water with EPA limit of 

0\ 

1 

O 

X 

<N 

Factor of 10 

trichloroethvlene 

Alcohol, light drinker 

2 x lO" 5 

Factor of 10 

Police killed in line of dutv (total) 

2.2 x 10~ 4 

20% 

Police killed in line of dutv (bv felons) 

1.3 x lO -4 

10% 

Frequent Eying professor 

5 x 10“ 5 

50% 

Mountaineering (mountaineers) 

6 x lcr 4 

- - im- 

50% 


measured, an upper limit may be calculated, if one assumes some 
sort of model). If there is no historical database for the hazard (a 
new power plant or industrial facility, for instance), one approach is 
to consider it in separate parts, calculating the risks from each part 
and adding them together to estimate a risk for the whole. For 
example, all possible chains of events from an initiator to a final 
aeddent are followed in an “event tree,” with the probabilities of 
each event in the tree being estimated from historical data in 
different situations. 

A particularly well-known example is the calculation of the 
probability of a severe aeddent at a nuclear power plant (3). That 
this procedure has at least a partial validity is due to the fact that the 
design of nudear power plants proceeded in approximately this 
factorable way; attempts were made to imagine ail major aeddent 
possibilities, “maximum credible accidents” or “design basis acci¬ 
dents,” and then to add an independent device to prevent this 
accident from having severe consequences. To the extent that the 
added safety device is independent, the failure probability is inde¬ 
pendent, and the small overall accident probability is the product of 
individual failure probabilities which are larger. 


Risks by Analogy: Carcinogenic Risks 

Some carcinogenic risks may be estimated from' historical data. 
But this is complicated by the time delay between the insult and the 
final cancer, one reason why causality is hard to prove if the risk is 
small. This is the difficult field of epidemiology. 

Although some of the largest cancer risks have been identified 
through the use of epidemiology (4), preventive public health 
suggests that we endeavor to estimate risks even where no historical 
data exist and the risk is small. This is often done by analogy with 
the cancer risks to animals, usually rodents, which are deliberately 
exposed to large enough quantities of pollutant so that an effect is 
observed. To use these data to estimate the risk at low doses in 
people involves (to oversimplify matters) two difficult steps: the 
comparison of carcinogenic potency in animal and man (5-7) and 
the extrapolation from a high dose to a low dose. Because both steps 
require a certain amount of theory, they are controversial. Indeed, 
there are those who regard the uncertainty as so great that they 
prefer not to provide numerical estimates of risk ( 8 , P), although 
they may order materials in carcinogenic .potency. The difference 

science, vol. 236 



Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO ' 



between this and providing a numerical estimate is important, but is 
one of presentation rather than substance. 

If there are no animal data, or if in an animal experiment there is 
no statistically significant effect, it does not necessarily mean that 
there is no risk. If the experimenters have been diligent, the risk is 
probably small, although never zero, even though that may be the 
best estimate. Various attempts are made to use data even less direct 
than the animal bioassays to estimate risks in such cases. These 
include simple analogies based on chemical similarity (1(9), and 
comparison with outcomes other than cancer—for example, muta¬ 
genesis (11) and acute toxicity (12, 13). Not surprisingly, these 
more indirect procedures arouse even more controversy than the 
animal bioassavs. 

There have been few attempts to perform risk assessments for 
biological end points other than cancer. However, it is known that 
the pollutants in cigarette smoke cause at least as many deaths 
through heart problems as by cancer (14), and we should not be 
surprised if other carcinogens were to produce chronic effects other 
than cancer. For now, the cancer risk assessment has to act as 
surrogate for these other risks also. 


Risk Value Versus Certainty of Information 

After risks of a n umber of situations have been assessed, we often 
want to order them in order to decide which should command our 
attention. It is not always the order of increasing risk that is used for 
such purposes. There have been proposals co order potential 
carcinogens on oiher factors (8, 15), such as the certainty of 
information. 

Vinyl chloride gas has been found to cause angiosarcomas both in 
people and in rats. Since an angiosarcoma is a rare tumor, the risk 
ratio (the ratio of the observed number of cancers in those exposed 
to the number expected by chance) is of order 100 or more in some 
cases. If an angiosarcoma is seen in a vinyl chloride worker, the 
attribution to vinyl chloride exposure is almost certain. On the other 
hand, the number- of persons who have been heavily exposed to vinyl 
chloride is small, so that only about 125 angiosarcomas have been 
seen among vinyl chloride workers worldwide in the last 20 years. 
Now that exposures in the workplace have been greatly reduced, no 
angiosarcomas attributable to recent occupational exposure have 
been seen. We do not know the dose-response relation, but it is 
generally believed that the response falls at least linearly as the 
exposure is reduced, so that no more than one cancer is expected in 
several years. 

We can compare this with the possible cancer incidence that was 
predicted by the Food and Drug Administration (FDA) in 1977 
from use of saccharin (16 ). This was based on experiments with rats, 
leading to an additional uncertainty. More people ate saccharin than 
were exposed to vinyl chloride, and nearly 500 cancers per year were 
estimated for the United States alone. For vinyl chloride we 
therefore have the situation that the individual risk is now low, yet 
there is considerable certainty that there is a risk. For saccharin the 
risk is higher, but there is more uncertainty about the value of the 
risk. Some persons, in some situations, may demand that more 
attention be given, to the risk from vinyl chloride than to the risk 
from saccharin; for other persons or situations the reverse may be 
che case. 


Comparison of Risks 

The purpose of risk assessment is to be useful in making decisions 
about the hazards causing risks, and so it is important to gain some 
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perspective about the meaning of the magnitude of the risk. 
Comparisons can be useful. We are not bom with an instinctive 
feeling for what a risk of one in a million per lifetime means, 
although we do learn that some risks are small and others large. It is 
particularly helpful to compare risks that are calculated in a similar 
way. For example, the risk of traveling by automobile can be compared 
to that of traveling by horse with the use of historical data. 

Another common procedure is to compare exposures only. Table 
1 shows a list of radiation exposures in typical situations (17). The 
dose-response relation for radiations with similar energy deposition 
per unit track length will be similar, although there may be some 
correction required for dose-race effects, so that ordering by expo¬ 
sure should be similar to ordering by risk. In estimating the number 
of lethal cancers on a linear hypothesis, we have here assumed 
approximately 8000 man-rems per cancer (at low doses), in itself 
uncertain by 30% or more. 

% An example of comparison of risks that are similarly calculated is 
the^comparison of risks of various chlorinated hydrocarbons in 
drinking water. The risks to humans are estimated from carcinogen 
bioassavs in rodents (rats and mice). Since these are similar materi¬ 
als, we might expea that the dose-response relationships have the 
same shape. Chloroform, which is produced by interaction of 
chlorine with organic matter during the chlorination of surface 
waters to kill baaeria, produces cancer in animals 20 times as readily 
as does trichloroethylene, an industrial solvent that is occasionally 
found in well waters as a result of accidental pollution. Although 
neither is known to cause cancer in people, we might expea that 
chloroform would do so about 20 times as readily. 

Table 2 shows a variety of risks calculated in various ways and our 
estimate of the uncertainty. They are deliberately jumbled to 
provoke thought by juxtaposition. [Risk estimates quoted by the 
Environmental Protection Agency (EPA) for carcinogens tend to be 
greater than those shown in - Table 2 by a faaor approximately equal 
to the uncertainty faaor —this is not accidental (5, !£).] 


Contrasting Risks 

Objections have been raised to risk comparisons on the ground 
that they are misleading. This would be true if all risks of the same 
numerical magnitude were treated in the same way. But they are nor. 
In some cases it is useful to contrast risks to indicate the different 
ways in which they are treated in society. In Table 3 we give an 
example by comparing and contrasting the carcinogenic effects of 
aflatoxin BI and dioxin, both among the most carcinogenic chemi¬ 
cals known. The difference in treatment of these two materials is 
perhaps a reflection of different values assigned to various aspects of 
the problems caused by their presence. 

Aflatoxin and dioxin have similar toxicides and carcinogenic 
potency (perhaps within a faaor of 10, although both measures for 
both chemicals vary substantially with species tested). The certainty 
of information for aflatoxin is great. There is less information about 
carcinogenicity of dioxin. Dioxin may be a promoter and pose a 
minuscule risk at low doses, whereas aflatoxin is almost certainly an 
initiator also. Nonetheless such standards as there are appear to be 
more stringent for dioxin, possibly because dioxin is an artificial 
chemical and possibly because it was a trace component of a 
chemical mixture (Agent Orange) that was used in warfare. 

The small risk of a large accident in a nuclear power plant can also 
be contrasted with the more numerous small accidents or events that 
occur every day in the mining, transport, and burning of coal. One 
feature thar is brought out clearly here is that we do not always 
compare the risk averaged over time, bur worry more about risks 
thar are sharply peaked in time. 
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Expression of Risks 

Just as a comparison of risks is an aid in understanding them, so is 
a careful selection of the methods of expression. It is hard to 
comprehend the statistical (stochastic) nature of risk. There are ways 
to mitigate this difficulty in comprehension. We are almost all used 
to one such statistical concept—the expectation of life. When we talk 
about the expectation of life being 79 years (for a nonsmoking male 
in the United States) we all know that some die young and that 
many live to be over 80. Thus the expression of a risk as the 
reduction of life expectancy caused by the risky action conveys some 
of the statistical concept essential to its understanding. One particu¬ 
lar calculation of th is type can be used as an anchor for many people, 
because it is easy to remember. The reduction of life expectant bv 
smoking cigarettes can be calculated from the risk, one in 2 million, 
of smoking one cigarette, multiplied by the difference of the average 
life-span of a nonsrnoker and a lung cancer victim. This turns out to 
be 5 minutes, or the time it takes to smoke the one cigarette. 

It is important i:o realize that risks appear to be very different 
when expressed in different ways (19). One example of this can be 
seen if we consider the cancer risk to those persons exposed to 
radionuclides after the Chernobyl disaster. According to the Soviets 
(20), the 24,000 persons between 3 and 15 kilometers from the 
plant, but excluding the town of Pripvat, received and are expected 
to receive 1.05 million man-rems total integrated dose, or about 44 
rems average. Even if we assume a linear dose-response relation, 
with 8000 man-rems per cancer, the risk may be expressed in 
different ways. Dividing 1.05 million man-rems by 8000 gives 131 
cancers expected in the lifetimes of that population. This is larger 
than, and for some jpeople more alarming than, the 31 people within 
the power plant itself who died within 60 days of acute radiation 
sickness combined with bums. Dividing the 131 again by the 
approximately 5000 cancer deaths expected from other causes, the 
accident caused “only” a 2.6% increase in cancer. This seems small 
compared to the 30% of cancers attributable to cigarette smoking. 
The difference is even more striking if we consider the 75 million 
people in Byelorussia and the Ukraine who received, and will 
receive, 29 million, man-rems over their lifetimes. On the linear dose- 
response relation this leads to 3500 “extra cancers,” surely a large 
number for one accident. But dividing by the 15 million cancers 
expected in this population leads to an “insignificant” increase of 
0.023%. Of course, none of the methods of expressing the risk can 
be considered “right” in an absolute sense. Indeed, it is our belief 
that a full understsm-ding of the risk involves expressing it in as many 
different ways as possible. 


Cost of Reducing a Risk 

Another interesting and instructive way of comparing risks is by 
comparing the amount people have paid in the past to reduce them. 
It might be thought that people would try to adjust their activities 
until the amount spent is roughly the same. Cohen (21) has shown 
that the amounts spent vary by a factor of more than a million. He 
shows that it would be possible even for an American to save lives in 
Indonesia by aiding ‘in immunization at 3 100 per life saved. Society 
is willing to spend more on environmental protection to prevent 
cancer (over SI million per life) than on cures (about 350,000 per 
life with the high value of3200,000 for kidney dialysis raising some 
objections). This ratio is in rough accord with the maxim “an ounce 
of protection is beixer than a pound of cure.” People are willing to 
spend still more on radiation protection at nuclear power plants and 


Table 3. Comparison of two very toxic chemicals, afiatoxin BI (22) and 

dioxin (23); CDC, Centers for Disease Control. 


Measure 

Aflatoxin Bl 

Dioxin 

Acute toxicity 

High 

Equal 

Carcinogenic potency to people 

-500 

Unknown 

[(kg • dav)/mg] 



Carcinogenic potency to rats 

-5000 

-5000 

[{kg * dav)/mg] 



Mutagenic 

Yes 

No 

Certainty of information on human 

High 

Low 

carcinogenicity 



Activity (initiator or promoter) 

Initiator 

Promoter (?) 

Possibility' of threshold dose response 

Low 

High 

Source 

Natural 

Artificial 

Common knowledge 

Little known 

Agent Orange 

FDA action level in peanuts (ppb) 

20 


CDC level of concern in soil (ppb) 


1 

on waste disposal. Economists and others often argue that efficiency 

depends on adjusting society until the amounts spent to save lives in 

different situations are equalized. It seems to us that societv does not 

work that way. People are aware of the order of magnitude of these 

differences, and approve of them. 

Nonetheless, 

we believe that 

providing this information to a decision-maker is essential for an 

informed decision. 
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Question: Thinking about the actual amount of risk facing our society, would you say 
that people are subject to more risk today than they were 20 years ago. lets risk today, 
or about the same amount of risk today as 20 years ago? 

Percent of responses 

Top 

corporate Investors/ Federal 


L rvel of risk 

executives 

(401) 

Lenders 

(104) 

Congress 

(47) 

regulators 

(47) 

Pubtic 

(1.488) 

N t( >re risk 

38 

60 

55 


43 

78 

Less risk 

36 

13 

26 


13 

6 

Same amount 

24 

26 

19 


40 

14 

Not sure 

1 

1 

— 


4 

2 

■ i 

Question: Would you say that people are subject to more risk today than they were 20 

years ago, less risk today, or about the same amount of risk today as 20 years ago? 




Percent of responses 

Demographic 


Number of 

More 

Less 

Same 

Not 

characteristics 


respondents 

risk 

risk 

amount 

sure 

Sex 







Male 


702 

74 

10 

15 

2 

Female 


716- 

1 2 

2 

14 

2 

Age 







65 and over 


179 

86 

2 

10 

2 

Education 







j Not high school graduate 

261 4 

85 

3 

9 

3 

Marital status 


• 





1 Separated, divorced, widowed 

226 

82 

2 

13 

3 

Household income 







S7,500or less 


211 

S3 

4 

10 

3 

Race 







White 


1,258 

77 

6 

15 

2 

Black 


155 

88 

3 

6 

2 

Spanish-American 


37 

84 

2 

7 

4 

! Total 


1.488 

78 

6 

14 

2 


'Source: Marsh &. McLennon Co.. Inc. Risk in a complex society: A public opinion 
survey. 

A Numbers in parentheses indicate number of respondents m each categoO'- 
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Source: https://www.mdus documents.ucsf.edu/docs/ntblOOOO 





10.000 


55 yeors ond over 


Under I yeor 


1.000 


25*64 yeors 


15*24 yeors 


1-14 yeors 


1900 


1940 


Figure L Death rates by age in the United States, for’ 
selected years, 1900-1977 (from the U.S, Department 
of Health. Education and Welfare statistics). 


Soypce:-https:/ywww.,industryjck)curnfints.Licsf,edu/clocs/ntblO.OOQ „ 
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Deaths per Thousand per Year 


Death Rates at Five Year Intervals from 1900 to 1975 
for Various Age Groups; United States. 



Age Group 


TT ^ 4- 4, T^.PVCR85 

Hard to reduce further 



disease, etc, 
75-84 


10 . 0 - 

9.0 

8.0 

7.0 




Reduction principally 
due to reduction in 
communicable disease 


\ UNDER I 



-Car accidents 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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RESEARCH 


RISK ASSESSMENT 


Laboratory and field 
observations of adverse 
health effects and ex¬ 
posures to particular 
agents 


Hazard Identification 
(Does the agent cause 
the adverse effect?) 


Information on 
extrapolation methods 
for high to low dose 
and animal to human 


Dose-Response Assessment 
(What is the relationship 
between dose and inci¬ 
dence in humans?) 


Field measurements, 
estimated exposures, 
characterization of 
populations 

____i 



Exposure Assessment 
(What exposures are 
currently experienced 
or anticipated under 
different conditions?) 



! 


N 


> 


Risk Characterization 
(What is the estimated 
incidence of the ad¬ 
verse effect in a 
given population?) 


RISK MANAGEMENT 


Development of 
regulatory options 


f 

-1 


Evaluation of public 
health, economic, 
social, political 
consequences of 
regulatory options 


V- / 


Agency decisions 
and actions 


Elements of risk assessment and risk management. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Idealised Scheme for Risk Analysis. 


ASSUMPTIONS 


Scientific 


Risk 

Data 


Assessment 


”De Minimis” Risk. STOP 
10" 5 /yr. Occupational 
1 0' 6 /yr. General 
Total Societal Impact 10/yr. 


Numbers ± 
Uncertainty 


Economic and 
Engineering Data 


Cost 

Assessment 


Benefit 

Assessment 


Numbers ± 


Uncertainty 


Numbers ± 
Uncertainty 


Risk/Benefit 

Risk/Risk 

Risk/Cost 

Comparisons 



Interested 

-- 

Value 

Parties 

- 

] udgements 


DECISIONS 


Results of 
decision 



Source: https://www.industrydocument .ucsf.edu/docs/ntbl0000 
















RISK = PROBABILITY OF OCCURRENCE x SEVERITY OF EVENT 


RISK UNITS: 

DEATHS/YEAR 

DEATHS/TON OF COAL (BTU, khv) 
DEATHS/WORKING MAN 

LOSS OF LIFE EXPECTANCY 
WORKING DAYS LOST (WDL) 

PUBLIC DAYS LOST (PDL) 


RISK <-> UNCERTAINTY 

If I am certain I will die of cancer, 

I do not describe it by the word RISK. 


Risk changes as information improves 
either as events develop by study 

Use of the word risk implies that there is uncertainty. 
When there is uncertainty there remains a risk. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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(A LEAST) TWO TYPES OF UNCERTAINTY 


1. DOES THE PROCESS OCCUR? 

(Do cars kill people?) 

(Does benzene cause cancer) 

2. STOCHASTIC 

Will this particular car kill me? 

Or pass me by? 

Will this particular carcinogen give 
me cancer? 

(One-third of cigarette smokers die of their habit 
we do not know, and probably never will know, which) 


DO SOME CANCERS FOLLOW 


THIS LINE? 



* 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CERTAINTY OF INFORMATION WITH MAGNITUDE OF RISK 


E.g. Vinyl Chloride 
o Human carcinogen 
o Mutagen (with activation) 
o Animal carcinogen 

May be initiator, i.e. linear dose-response 
BUT only 13 0 angiosarcomas from 30 years exposure worldwide; perhaps 

70 more from past exposures 
200 other cancers from past exposures 
130 from 30 years exposure worldwide 
400 TOTAL over 30 years worldwide 

MOREOVER, EXPOSURES NOW DOWN 1000-FOLD 
SO WE EXPECT < 1/60 YR IN THE FUTURE 


RISK OF A NEW CHEMICAL 

ARDENT ENVIRONMENTALIST ~> 1 
(because we don't know that it is safe) 

MYOPIC INDUSTRIALIST —> 0 
(because we don't know, that it is dangerous) 


*************************************************** 
* * 

* The job of a RISK ASSESSOR is to find a number * 

* * 

* in between with its uncertainty * 

* * 

* 1 > R > 0 * 

* * 
*************************************************** 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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.CARCINOGEN RISK ASSESSMENT 


************************************************************* 
* * 

* FIRST RULE: WHENEVER THERE IS DATA ON HUMANS — USE THEM * 

it * 

************************************************************* 


CIGARETTES 

STUPIDITY 

NAPTHALYAMINE 

OCCUPATIONAL 

BENZIDINE 

OCCUPATIONAL 

ARSENIC -- Inhalation 
— Ingestion 

OCCUPATIONAL 

OCCUPATIONAL 

BENZENE 

OCCUPATIONAL 

AFLATOXIN B x 

FOOD 

RADIATION 

WAR 


(Monson will discuss how epidemiology works) 


THERE IS NEGATIVE EPIDEMIOLOGY 
PEOPLE HAVE BEEN EXPOSED BUT THERE IS NO SIGN OF AN EFFECT 

E.G. There is no firm evidence that unleaded gasoline 
in a refinery causes cancer. 

Therefore normal users of gasoline, with lower exposure, have less risk. 


The two assumptions made (in using human epidemiology) are: 

1. EXPOSURE in the situation being assessed is 
similar to that of the epidemiological study 

2. The DOSE-RESPONSE RELATION must be assumed, 

* since we need risk at low doses 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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PROPORTION OF CANCER DEATHS 
ATTRIBUTABLE TO DIFFERENT FACTORS 


Per cent of all 
cancer deaths 


Factor or class 
of factors 

Best 

estimate 

Range of 
acceptable 
estimates 

Cigarette smoking 

25 

20 to 30 

Alcohol 

3 

2 to 4 

Diet 

35 

10 to 70 

Food additives 

>1 

-5* to 2 

Reproductive and sexual behavior 

7 

1 to 13 

Occupation 

5 

f 2 to 10 

Pollution 

1 

>1 to 3 

Industrial products 

>1 

>1 to 2 

Medicines and medical procedures 

2 

1 to 3 

Geophysical factors* 

3 

2 to 3 

Infection 

3 

1 to ? 


Unknown ? ? 

Source: R. Doll and R. Peto, J. Natl. Cancer Inst. 66, 1191 (1984). 
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REASONS FOR CHOOSING RATS AND MICE FOR EXPERIMENTS 

They are easy to breed. 

They are mammals and have some similarity in metabolic 
processes to man. 

They live only two years so that an experiment can be 
completed within a human lifetime. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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PETO ARGUMENT 


IF ALL TISSUES ARE EQUAL WHETHER ATTACHED TO MOUSE OR MAN, 
WE EXPECT BILLIONS MORE CANCERS IN MAN THAN MOUSE 
lo CANCER INCREASES WITH WEIGHT (M) 

2. CANCER IS KNOWN TO VARY AS A HIGH POWER OF AGE (T 4 ) 


. . At the end of life the ratio of cancer in man 
to cancer in mouse for equal daily intake 
(roughly proportional to mass x time) 


( M man 

- x 

\ouse 


L man 


L mouse 


tan 


touse 


70 kg 
3 0 kg 


X 



SEVERAL BILLION! 


BUT WE KNOW IT IS CLOSER TO 1 BECAUSE 

(i) of background 

(ii) of experiment 


SO THE METABOLISM MUST ACCOUNT FOR A FACTOR OF A BILLION 


(Calabrese will discuss) 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CERTAINTY OF INFORMATION WITH MAGNITUDE OF RISK 


E.g. Vinyl Chloride 
o Human carcinogen 
o Mutagen (with activation) 
o Animal carcinogen 

May be initiator, i.e. linear dose-response 
BUT only 130 angiosarcomas from 30 years exposure worldwide; perhaps 

70 more from past exposures 
200 other cancers from past exposures 
130 from 30 years exposure worldwide 
400 TOTAL over 30 years worldwide 

MOREOVER, EXPOSURES NOW DOWN 1000-FOLD 
SO WE EXPECT < 1/60 YR IN THE FUTURE 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CONTRAST WITH SACCHARIN 


Wide xise; if dose-response is LINEAR, FDA calculate 500 cancers/year 
(April 15, 1987 Federal Register) (x 10 ± uncertainty) 


******************************** 
* * 

* RISK IS BIGGER FOR SACCHARIN * 

* * 
******************************** 


But dose-response relation may be non-linear 
Not found in humans (sensitivity too small) 
Not a mutagen 


******************************************************************* 
* * 

* CERTAINTY OF (DEDUCTION FROM) DATA IS BIGGER FOR VINYL CHLORIDE * 

* * 
******************************************************************* 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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ILLUSTRATIVE CATEGORIZATION OF EVIDENCE BASED ON ANIMAL 


AND HUMAN DATA 1 


Human Evidence 

Sufficient 

Limited 

Animal Evidence 

Inadequate No Data 

No Evidence 

Sufficient. 

A 

A 

A 

A 

A 

Limited 

B1 

B1 

B1 

B1 

B1 

Inadequate 

B2 

C 

D 

D 

. D 

No data 

B3 

C 

D 

D 

E 

No evidence 

B4 

c 

D 

D 

E 

Source: Fed. Reg. 

51, No. 185, 

Wednesday, Sept. 24, 

1986. 



1 The above assignments are presented for illustrative purposes. There may be 
nuances in the classification of both animal and human data indicating that 
different categorizations than those given in the table should be assigned. 
Furthermore,, these assignments are tentative and may be modified by ancillary 
evidence. In this regard all relevant information should be evaluated to 
determine if the designation of the overall weight of evidence needs to be 
modified. Relevant factors to be included along with the tumor data from 
human and animal studies include structure-activity relationships, short-term 
test findings, results of appropriate physiological, biochemical and 
toxicological observations, and comparative metabolism and pharmacokinetic 
studies. The nature of these findings may cause an adjustment of the overall 
characterization of the weight of evidence. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CRITICAL COMMENTS BY DISTINGUISHED PEOPLE ON 


RISK ASSESSMENTS FOR CARCINOGENS 

* RICHARD PETO , Reader in Epidemiology, University of Oxford: 

All important carcinogens found by epidemiology; none by animal tests 

*** 

All that can be done is form a priority list 
Some index of nastiness N 

Some index of exposure E 

Prioritize by N x E 

Use more than one index to be sure that nothing is missed 

*in Assessment of Risk from Low-Level Exposure to Radiation and Chemicals 
eds., A.D. Woodhead, et al., (Plenum, New York), 1985. 


**AMES (Professor of Biochemistry, U.C. Berkeley) AND OTHERS 
Prepare a priority list from animal tests 


**Science, 23 6 . 271 (1987) . 

DOUGLAS FOY, (lawyer for Conservation Law Foundation) 

Although risk numbers are not believeable, 
they are useful as a priority list 


AHMED (Environmental Defense Fund) 
Statement similar to Foy's 


CONCLUSION: 

A CALCULATED RISK OF A SINGLE CHEMICAL BY ITSELF IS NOT USEFUL 

ONE NEEDS A LIST OF SEVERAL 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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FDA Approach to Risk Assessments 


Scheuplein 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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RISK ASSESSMENT OF CHEMICAL CARCINOGENS: 

IS IT TIME FOR A CHANGE? 

By 

Robert J B Scheuplein, Ph.D. 

Director, Office of Toxicological Sciences 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
Washington, D.C. 20204 

Thank you, Carol, for the introduction and to ILSI for inviting me to, 
speak to you today. 

My subject is the Quantitative Risk Assessment of Carcinogens: Is it 
time for a change? Before I speculate about the direction in which risk 
assessment might be headed or ought to be turned, I would like to give 
you some idea of where I think its come from, what science it rests on, 
what it is and what it is not. 

This will involve a brief scientific history of cancer risk assessment 
with a few detours to places where it touches social policy or has been 
influenced by the Congress and the regulatory agencies. This interaction 
between science and regulation is important to understand, because a part 
of my thesis will be that despite well over 500 papers on cancer risk 
assessment, on the bioassay, on cancer thresholds and numerous related 
subjects, since 1961 (the date of Mantel and Bryan T s paper) — cancer 
risk assessment is still more of a regulatory tool than a scientific 

m 

discipline and rests more on regulatory need than scientific 
plausibility. 

Presented at Brookings Institution, Washington, D.C. June 17, 1991 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


202S5457S0 



It nonetheless involves several scientific matters and any good history 
should include them: (Slide_j.) - Major Scientific Issues i n Cancer Risk 
Asse ssment s 

These issues are all involved in QRA and the final result - the deter¬ 
mination of a safe level - depends on how these issues are resolved* And 
I 1 11 touch briefly on most of them. 

Right after World War I, scientists began to experiment with large 
colonies of rodents. Shortly thereafter, Yamagiva and Ichikawa dis¬ 
covered that skin cancers could be induced in mice by the repeated 
application of gas tars (ref.). The number of chemical agents tested 
grew steadily from year to year and it became difficult to analyze the 
available experimental results because of the variety of different 
methods adopted. By 1930, efforts began at standardizing these methods. 
(Sli de 2) - Paper Titl e by Tv ort and Twort . 

By 1939, methods were sufficiently well developed that lists of 
substances with relative potencies were published based on the ability of 
a compound’s capacity to produce tumors in the shortest possible time. 
(Sli de 3 ) - List o f Carcinogenic Comp ounds Ar ranged i n Des c ending Or der 
of potency - J ohn Iball (193 9). In this list by John Iball in 1939, the 
index of potency is the percentage of tumours A divided by the mean 
latent period B, recorded in the last column. 

There were good social reasons for these academic efforts. It was 
becoming clear that environmental and occupational exposure to 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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carcinogenic chemicals were contributing to the world-wide diversity in 
cancer incidence. Percival Pott had established the connection between 
soot and scrotal cancer in chimney sweepers several generations earlier. 
By the 20 f s it was clear that polycyclic hydrocarbons were the carcino¬ 
genic ingredients in soot, tar and oil. Some cancers on the abdomen 
could be attributed to carrying a basket of live coals beneath the 
clothes to keep warm in winter; some cancers in the buccal cavity could 
be attributed to chewing various mixtures of betel, tobacco and lime and 
some on the palate to smoking cigars. As Richard Doll (1977) has pointed 
out,, oncologists who worked chiefly in Europe and North America tended to 
regard these incidents as oddities and irrelevant to the production of 
ordinary cancers. So it took a while for people to associate the major¬ 
ity of cancers with environmental factors, but soon the association 
became obvious. 

These concerns in the 30 r s and 40*s motivated an effort to bring the 
know: occupational hazards under control, either by banning their produc¬ 
tion or controlling the manufacturing process to reduce exposure to 
employees. (Slide 4) - Occupati ona l Can c er s - Doll (1977 ). But these 
occupational hazards could not be responsible for the large observed 
incidence of cancer. Whole populations, however, had been exposed to 
lower levels of these same agents. These included polycyclic 
hydrocarbons, produced by the combustion of coal, wood and oil. It was 
known, for example, that residents of large towns in the U.K. may have 
been exposed - mainly through the combustion of domestic coal - to 

m 

something like 1/100 the amount of benzo(a)pyrene regularly inhaled by 
men working in the manufacture of coal gas and these men experienced only 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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an 80 % excess risk of lung cancer (Doll, et al, 1972)* It was easy 
enough to dismiss the corresponding risks on the grounds that the doses 
were minute, but one did not then (or now) assume for cancer the 
existence of a threshold. So some form of quantitative relationship 
betwesen the dose and the resulting incidence was needed. But in the 
absence of such a relationship, decisions had to be made and FDA banned 
carcinogens from food during the years well prior to the enactment of the 
Delaney Clause, Arnold Lehman, the chief toxicologist at FDA in the 
40's, stated in an article in 1949 that: 

"a finding that a substance caused cancer in animals was regarded as 

so * alarming’ as to exclude it from consideration<> 11 

In 1945, the FDA banned Butter Yellow; in 1950 Dulcin and P-4000, two 
artificial sweeteners; in 1950 also tonka beans and coumarin; and in 
1959, aminotriazol on cranberries, all on the grounds they were 
carcinogens and had no place in foods. 

The reasons that scientists were unwilling to assume the existence of 
thresholds for carcinogens are interesting - primarily because they were 
largely theoretical. Essentially the argument recast in modern terms 
went like this: Cancer is caused by agents known to be mutagenic 
suggesting that at least one crucial, rate limiting step is a somatic 
mutation. This focused attention on the nature of the genes that undergo 
mutation and on the amount of chemical needed to affect that change. It 
was argued that only one molecule was necessary to produce a mutation in 
the DNA within the nucleus of a cell. This in turn could lead to a 
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miscoding sufficient to produce eventually a malignant cell. The cell 
then can reproduce itself in an irreversible and unregulated manner to 
yield a malignant tumor. 

But this is theory! What does the experimental evidence show? So far, 
for any carcinogenic or mutagenic response in any given situation, be it 
man, mouse, isolated organ or a Salmonella plate assay, there is a 
demonstrable threshold or "no effect level.” In thousands of studies 
with hundreds of thousands of animals, not a single carcinogen has been 
found that has not exhibited an experimental threshold. However, animal 
studies are insensitive and thresholds will vary from individual to 
individual. It is completely impractical to determine the level at which 
the most susceptible individual in the whole population might fail to 
respond. And worse yet, if a gargantuan animal study were done, assuming 
all the experimental difficulties involved in such a study could be 
overcome, people would point out that experimental animals are more 
inbred than people and the result would probably be discounted. 

The one-molecule theory has to be argued at the theoretical level, so 
let's look at it. Nothing (in the one-molecule theory) is mentioned 
about the relationship between the intake dose and the final concen¬ 
tration of the chemical carcinogen in the nucleus of the cell where it 
interacts with DNA. Substances that are ingested have to be absorbed, 
distributed and metabolized usually before they can reach critical organs 
in chemically activated form. Then the activated molecules have to run a 

m 

gauntlet of sequestration by other uninvolved macromolecules and overcome 
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diffusional barriers before they can first enter a cell, and then later 
enter the nucleus of a cell. 

When the carcinogen is in the nucleus and poised to react with DNA, 
nothing is mentioned (in the one-molecule theory) about the constraints 
imposed on chemical reactions by the requirements of mass action or the 
need to acquire a transition state configuration or an activation energy 
prior to reaction, or even that the final adduct be somewhat stable so 
that It can last long enough for replication. 

And if a reaction with DNA does occur, nothing is mentioned about the 
intron content of the DNA, that the amount of DNA in the nucleus that is 
not overtly expressed as protein may amount up to 90% of the total. 

These regions of DNA, which correspond mostly to the centromeric parts of 
the chromosomes almost certainly instruct no other process than their own 
replication. And finally nothing is said of the ability of the organism 
to accommodate to adverse effects - in this case by DNA repair mechanisms 
and enzyme induction. An example on this last point was published in 
1977 by Tony Pegg of the Hershey Medical Center. 

Dimetrhylnitrosamine (DMN) is a potent carcinogen in many species. It is 
well established that DHN exerts its carcinogenic effect after its 
metabolic conversion into a reactive methylating agent. The electrophile 
then methylates DNA nucleosides which are likely to miscode. One partic¬ 
ular adduct - 0^ - methylguanine appears to be promutagenic or tumori- 
genie in several studies and it has been identified as probably the 
adduct responsible for tumor induction in animals. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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What Pegg did was to give DMN to rats and then analyze the livers for the 
O^-adduct after 4 and 24 hours. His results are shown in the slide. 
(Sl i de 5) . 0^- Methyl gu ani n e Levels in Rat Liver DNA At first glance, 

there appears to be a linear relationship between the administered dose 
and the formed adduct* But if the data are extended to lower doses, this 
is shown not to be true. At very low doses, 0^-adducts levels are many 
times less than expected on the basis of linearity. Later studies showed 
that: a saturable enzymic repair system was responsible for the removal of 
the 0^-adduct and that the repair system operated in both liver and 
kidney cells* 

These studies don’t necessarily imply an absolute threshold for tumor 
induction for DMN because it was possible to detect some 0^ - adduct in 
DNA 24 hours after a single dose and we don’t know what level of 0**- 
methylguanine may be necessary to initiate tumor induction. But they do 
show that liver and kidney can protect itself against a low-dose, car¬ 
cinogenic stimulus and that linear extrapolation is probably unjustified 
at low doses. These studies by Pegg are pertinent because they provide 
information well below the observable tumorigenicity range - over a 
20,000 fold dose range - and measure the concentration of the specific 
adduct identified to be the one likely to initiate tumors. 

In summary, there are many reasons to contest the ”one-molecule theory” 
and to anticipate, in conformity with the animal evidence, that signifi¬ 
cant concentrations of a carcinogen might be required to elicit cancer. 

«> 

But nevertheless* the "one-molecule" concept or its equivalent that 
exceedingly small levels of carcinogens ingested daily for a lifetime 


I 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545756 



- 8 - 


could be harmful, prevailed - in the 40 f s and 50 r s, and I suspect prevail 
today. Now the question of the existence of a threshold in an individual 
is a problem in biology - the question of determining the range of 
possible susceptibility in a large population that is assumed to have 
individuals capable of responding is a problem in the statistics of 
sampling to which we now turn. 

We have to skip over (in the interests of time) a rich part of the 
biological science that was developed in the 40 r s and 50 T s to arrive at 
our principal focus, the idea of using risk assessment for setting safe 
population exposure levels for carcinogens, This idea was first pub- 
lished, so far as I am aware, by Mantel and Bryan in 1961. 

They showed that a negative animal study - particularly a small one with 
100 animals or so, does not necessarily demonstrate that the treatment 
was safe. Studies of feasible size can be used to establish directly 
only risks of the order of 1/100 or higher. When a study with 100 
animals is negative, we can only claim that we are reasonably sure 
(assurance level of 99%) that the true risk is no greater than 4.5 
percent. (Slide 6) - Inter pretat ion of Negative Studies . Mantel and 
Bryan then proposed to rely on the dose-response principle and 
extrapolate from this upper limit conservatively to human exposure 
levels. They examined the dose-responses of many chemicals and concluded 
that most chemical responses involving lethality decreased very rapidly, 
with dose-response slopes steeper than 10 or more probits per ten-fold 

m 

dose dilution. They noted probit slopes for the therapeutic effects of 
antibiotics of 2-3, and still lower probit slopes, the order of 2, in 
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virus assay work. From this experience they felt that a probit slope of 
one per ten-fold dose dilution would likely be quite conservative for 
carcinogens. This would mean in the example above that the safe dose 
corresponding to a risk of 1/100 million would be 1/8,300th of that which 
produced no tumors in the actual study. 

This 8,300 corresponds to a safety factor based on an upper confidence 
limit to a negative study. Later Carrol Weil would propose a factor of 
5000 for known carcinogens, using a factor of 10 for animal variation, a 
factor of 10 to translate animal results to human, a factor of 10 for 
cancer on the theory that it is less reversible than other toxic effects 
and a factor of 5 if the data used were a minimum effect level. (Weil 
1972). 

The Delaney Clause had been passed by Congress a few years earlier as 
part of the Food Additives Amendment in 1958. In 1960, there were 
hearings in the House to deal with some unfinished business regarding 
Color Additives. Cancer experts testified to the Committee that there 
was a great deal of uncertainty about cancer induction at low doses. A 
report prepared by G. Burroughs Mider, then Associate Director for 
Research at NCI, was quoted by the Secretary of HEW at the hearings. It 
had an impact on the Committee. It stated: 

"No one at this time can tell how much or how little of a carcinogen 

would be required to produce cancer, or how long it would take the 
«» 

cancer to develop." 
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The Secretary also said, 

"'Whenever a sound scientific basis is developed for the establish¬ 
ment of tolerances for carcinogens, we will request the Congress to 
give us that authority*/’ 

and aJ.so, 

l!, So long as the outstanding experts in the National Cancer Institute 
and the Food and Drug Administration tell us that they do not know 
how to establish with any assurance at all a safe dose in man’s food 
for a cancer-producing substance, the principal in the anticancer 
clause is sound." 

The Congressional response was, of course, predictable and the new Color 

Additives Amendments of 1960 contained its own Delaney anticancer clause. 

\ 

Congress concluded that there was *too much uncertainty and it would 
require FDA to regulate on the side of caution by banning all animal 
carcinogens from the food supply. Of course, it was only 1960 - analyt¬ 
ical methods were typically capable of detecting a few parts per million 
at best. There were relatively few carcinogens known and it was not 
appreciated that traditional food and spices and ordinary cooking prac¬ 
tices would eventually be found to account for many if not most of them. 
The widespread contamination of food by low levels of environmental 
contaminants like dioxins, PCBs and aflatoxin had not yet been 
discovered. Nor was the fact that the failure to specify "safe" levels 
would assure the triggering of the Delaney Clause on food and color 
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additives as methods improved to the point of being capable of detecting 
trace carcinogenic contaminants* 

This was the scientific and regulatory setting when in 1969 the FDA 
gathered together a group of scientists to consider how food additives 
and pesticides should be tested and evaluated for possible carcino¬ 
genicity* The Report of that FDA Advisory Committee on Protocols for 
Safety Evaluation and in particular the Panel on Carcinogenesis was 
published in 1971. 

This report stated among other things that: 

1) Testing should be done at doses and under experimental conditions 
likely to yield maximum tumor incidence; 

2) And that at least two species should be used for all carcinogenicity 
tests, and that, 

3) For compounds judged carcinogenic at test levels, a virtually safe 
dose could, in principle, be estimated by downward extrapolation 
using some arbitrarily selected but conservative dose-response 
curve.. 

These recommendations initiated the regulatory use of the MTD bioassay 
and linear risk assessment. Details on both the bioassay and the method 
of extrapolation would evolve, but this 1971 Panel Report gave their 
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development official sanction. The Panel's recommendations were moti¬ 
vated essentially by two concerns - 

1) the fears over persistent low doses of carcinogens in food 

* 

2) the limitations of negative studies on small numbers of animals 

It was clear that no unqualified negative answer is ever possible. That 
all a negative study can do is to supply an upper limit to the possible 
carcinogenicityo It was pointed out that these upper limits are uncom¬ 
fortably large. Even with as many as 1000 test animals and using only 
90% confidence limits, the upper limit yielded by a negative experiment 
is 2.15 cancers per 1000 test animals. 

The report contains the following statement: 

,|! No one would wish to introduce an agent into a human population for 
which no more could be said that it would probably produce no more 
than 2 tumors per 1000.” 

So hew does one increase the sensitivity of the bioassay with a limited 
number of animals? The answer - increase the dose well beyond the 
anticipated use level and extrapolate the results down to these low 
doses. If the study is positive, the fidelity of the extrapolation 
depends on the dose-response curve - a small part of which is accessible 
in the experimental range. And if the study is negative, it has a 
theoretical positive upper bound. 
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Mantel and Bryan had already introduced the concept of using this upper 
limit of the negative study to base the downward extrapolation on, using 
a 1 probit per 10 fold dilution slope. And so, in principle, quantita¬ 
tive extrapolation as a regulatory method (QRA) was approved. 

But it was never assumed that cancer necessarily occurred at low doses, 
but only that if it did, it would be safely bounded by the extrapolation 
procedure. Now extrapolating a positive response instead of an upper 
limit to a negative response makes no essential difference as Starr and 
others have shorn unless we know what the dose response curve is. Since 
our extrapolation models are quite simplistic aDd without an adequate 
biological basis - there need not be any cancer at all at low doses - and 
if there is, we have no idea about its actual dose response. The notion 
that one can calculate expected values of an actual risk from such an 
analysis is really quite bizarre. Extrapolation using bioassay data 3-4 
orders of magnitude removed is not a procedure for estimating risk - it's 
regulatory standard setting - It's not science, it ? s policy. And it's 
conservative or, if you will, prudent policy - and I f m just describing 
it, not advocating it. 

The scientists who wrote the 1971 Protocols Report had to face two 
problems. The QRA procedure they were recommending was extremely 
conservative, it would ban any carcinogenic food additive, because the 
amount of additive is usually substantial. Remember the additive has to 
be used in amounts sufficient to accomplish its intended effect. But 

to 

this didn't really bother anyone at the time - carcinogenic additives had 
no place in food anyway. And they pointed out that this application of 
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QRA would be consistent with the Delaney Clause. They didn’t think back 
then in terms of impurities and low level environmental contaminants - 
and if they had, I don’t think they would have recommended high to low 
dose extrapolation. I believe this is true because of how they handled 
the second problem. 

If you tested a food additive in a carcinogen bioassay and the result was 
negative, the logical result of their analysis would require a downward 
extrapolation from the upper 90% confidence limit ala Mantel and Bryan. 

But again, because of the substantial amount of food additive required 
for a functional effect - typically at least several ppm, this extrapo¬ 
lation would ordinarily result in the ban of the additive at effective 
and useful doses. What did they do? 

They ignored their discussion on QRA, they ignored Mantel and Bryan and 
said that the sensible thing to do was to use a 100-fold safety factor! 

Their statement was that for agents not judged carcinogenic the use of 
QRA to estimate a safe dose would be logical, but would give a level so 

low as virtually to exclude from use agents for which there was no 

\ 

positive evidence of carcinogenicity. And they wouldn’t do it. 

This ccmmonsense approach to the cancer problem was soon to be challenged 
by two related difficulties that defied easy solution. The first was how 
to deal with animal drug residues - those in food-producing animals as 
the result of ingestion of added drugs for prophylaxis, for the treatment 
of disease or for growth promotion. In 1962, Congress had put yet 
another Delaney Clause in the Act with the Animal Drug Amendments - this 

Q 
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time though with a legal loophole called the DES Proviso. Tt said in 
effect that you could use effective animal drugs even if they were 
carcinogenic so long as none remained in the edible tissue of the animal 
after slaughter - no resid ue would be permitted and the FDA was given the 
task of approving the analytical method to assure it. This ushered in 
the era that some industry groups characterized as "chasing zero." 

The other related difficulty occurred in food and color additives. 
Analytical methods were becoming so sensitive that traces of carcinogenic 
contaminants were being found, particularly in colors. It was hard not 
to find carcinogenic derivatives of aniline, a carcinogen, in aniline- 
based colors. And so the question was how do you regulate a substance 
which does not test out as a carcinogen itself, but which contains a 
chemical at low but detectable levels which is a known carcinogen? Both 
of these problems would challenge FDA for many years, the first culminat¬ 
ing in the final SOM document in 1985, the other in the constituents 
policy in 1983. The need for both a procedure for risk assessment and a 

level of acceptable risk were common to both issues and of course they 

—8 

are interrelated. If you use the Problt model and a 10 acceptable 
risk level, you come out about the same place as if you used a linear 
model and a 10 ^ acceptable risk level. 

Extrapolation Model s and Backg roun d Addi ti vity 

In the late 70 ? s and early 80 f s, there was a good deal of debate over the 
best form of the extrapolation model. The original Probit model of 
Mantel and Bryan was considered too arbitrary and not conservative enough 
- with the developing trend toward a 10 ^ or one in a million 
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acceptable risk level* The One-h it model came from the one molecule 
theory and was easier to explain, but it wasn't a good fit for most data. 
There were other models. You may recall the Logi t, the Weibull, the 
Mul tihit and the Gamma Mult i Hi t - all of them competing with the 
Mul ti-Stag e* None of these were based on biology* The critical steps 
and mechanisms in the development of tumours were and are still unknown. 
But: the multistage model had the best biological credentials, having 
first been used to explain the steep increase in the age adjusted rates 
of some cancers in humans by Armitage and Doll in 1961. And most people 
believed cancer was a multistage process, so there was a simulacrum of a 
biological basis. Since the early 80's, the strongly curvilinear models 
have virtually been abandoned. What was that? Well, first the low level 
risks that emerged from these different models were embarrassingly 
divergent. When the various models were applied to the risk of saccharin 
by the NAS in 1978, the risk estimates ranged over 5 million. 

(Slides 7 and 8) - Saccharin Risk Esti mat es (1978). 

If 0MB had been paying attention back then, they would have been exultant 
- thi )5 risk assessment certainly made the uncertainties in modelling 
crystal clear! Today our risk assessments don't differ very much* EPA 
ordinarily uses the Multis tage with an algorithm that constrains it to be 
linear and FDA uses the Gaylor-Ko dell procedure for most carcinogens, 
which is designed to be linear. The other models could not be easily 

linearized and were abandoned. Since then our risk assessments have been 

<* _ 
more nearly in agreement, more uniformly conservative and much less 

revealing of still unresolved uncertainties. The linear multistage 
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yielded greater conservatism and had the right name, but what really 
clinched linear risk assessment was an idea published in 2 ,or 3 papers in 
1977 and 1978 by Crump, Hoel, Peto and their co-workers. These papers 
contained a notion which today is unfortunately part of quantitative risk 
assessment mythology, namely that there are sound biological reasons for 
believing that every carcinogen response curve is linear at low dose 
rates, as far as humans are concerned. This proposition rests on the 
presence of background carcinogens and the way they interact with the 
carcinogen in question. The reasoning is part biological and part 
mathematical. 


The biological part 

Approximately one of five Americans develops a cancer, and every person 
is exposed to thousands of carcinogens in food, in the environment and 
even endogenously. This 20% background rate, from these many different 
chemicals must surely provide some significant mechanisms that are shared 
by the carcinogen in question. In other words, the carcinogen being 
added and some of the background carcinogens must share a common pathway 
to carcinogenesis - and thus produce cancer through an identical 
mechanism. Their effects are functionally indistinguishable. 

Now themathema tical part 

As the slide shows, ( Sli d e 9 ) - Bac kground Additivity , the cancer inci¬ 
dence 1(d) will be a linear function of the dose rate ^ at low dose rates 
provided that the slope ^F^(D Q )jis positive. They defend the assump- 
tion that the slope is positive by arguing that even if there were a 
threshold, it would be a threshold for each cell; there would be a 
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distribution of these and at least one of which would be below the 

critical value * Since cancer is believed to be of single cell origin, 

this one activated cell would initiate the cancer, F^(D ) would be 

o 

positive and the probability of response would be linear at low doses. 
They conclude 

"... in environments already containing appreciable amounts of carcino¬ 
genic processes, the effects of any slight addition to these processes 
will be proportional to the amount added. ... its implications are that 
much previous investigation of the form of the dose-response relationship 
at infinitesimal doses is irrelevant to the interpretation of animal 
studies for the formulation of social policy." 

It T s hard to know what to say in the face of such confidence - for which 
there is no experimental data at all. These excathedra pronouncements 
are not believed by everyone but they continue to haunt some people 
including some in the regulatory agencies. The implications are, if this 
is true, that dose-response curves become approximately linear just below 
the observable range - so long as they are roughly linear in the observ¬ 
able range. Not everyone believes this - I certainly don't. Alice 
Whittemore, Mel Andersen and other pharmacokineticists still believe that 
tumor probabilities are proportional to effective doses and these 
generate very non-linear dose-response curves. And I suppose that the 
folks in Kurt Harris’s lab at NCI still feel they have accomplished 
something by finding mutations in p53, a putative tumor suppressor gene 
in human hepatocellular carcinomas in China, despite the theory that says 
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these mutations are expected to be produced by "background carcinogens," 
not just aflatoxin. 

MTD 

The use of MTDs (Maximum Tolerated Doses) had been challenged throughout 
the period. Perry Gehring and Phil Watanabe had shown in 1976 that large 
doses could exceed metabolic and physiological thresholds, leading to 
prolonged retention in the body, formation of different metabolites and 
in some cases disproportionate increases in reactions between reactive 
electrophilic metabolites and macromolecules. They concluded that 
dose-dependent alterations in the fate of chemicals must be considered or 
at high doses you risk the likelihood of disproportionate increases in 
toxicity including carcinogenesis. They reported evidence of possible 
dose-dependent effects in styrene, ethylene glycol, aniline, carbon 
disulfide, 2-naphthylamine, benzopyrene, bis-hydroxycoumarin, salicyl- 
amide, amphetamine and sulfobromophthalin (Gehring, et al) (1976). 

By the; late 1970 T s, enough bioassay data had accumulated largely owing to 

NCT and later NTP studies, to provide a sufficient basis to examine the 

results of the studies for correlations between the responses in rats and 

mice. In 1979, Crouch and Wilson examined the carcinogenic potencies for 

70 chemicals in the two species. They demonstrated empirically that good 

correlations existed for the potencies between the different species. 

This was an important finding, because if there were good interspecies 

correlations between potency estimates for rats and mice, then it was 
» \ 
reasonable to believe that humans and animals might also be similar in 

their carcinogenic responses. But in 1985, Berstein, et al, reported 
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that the MTD's used in 186 NCI experiments were also highly correlated 
with potency. 

(Sli de 10) - MTD — Pote ncy Cor relation . 

Correlations between MTDs in rats and mice are not surprising because 
both species could respond similarly to high doses of different chemi¬ 
cals. However, the strong correlation between these MTDs and the derived 
carcinogenic potencies is startling. The correlation is surprising 
because MTDs are determined in a 90 day study and this time period has 
been regarded as too small a fraction of a rodent's lifetime to reflect 
the presence of a carcinogenic process - much less predict the strength 
of the carcinogen. Berstein and co-workers showed (S lid e II) that 
potency estimates from NCI Bioassays were restricted to 

an approximately 30-fold range surrounding ln(2). The TD- n is 

TD ~ 

1 50 

virtually the same as the MTD. They used a one-hit model to show this 
and an idealized 2-Group experimental design, but they and others have 
shown that this high correlation is not sensitive to "reasonable" depar¬ 
tures from either the experimental design or the extrapolation model 
used. 

Rieth and Starr (1989), and others since, have investigated these corre¬ 
lations in detail. It's clear now that: 

0 

o - The correlations between the MTDs and the estimated potencies 
are real. They do not depend on a "selected” data base. 
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o - The correlation in the carcinogenic potency estimates in both 

rats and mice are determined nearly entirely by the magnitude 
of the MTD used and only minimally by the extent of the 
carcinogenic response, 

c - Based on upper limits, inferred potencies from some substances 

giving no response in the MTD-bioassay appear to pose a possi¬ 
ble carcinogen risk as high as 10,000 times greater than other 
demonstrated carcinogens, 

o - There is no reason to believe that the inverse MTD or its 

equivalent I/TD^ should be regarded as a valid indicator of 
the low dose risk either to animals or to humans. 


(Slide 12 ) - S tarr T s Comparis on of i/HTD with Potenc y Est imates of 83 Ra t 
Carcinogens 


There is a plausible explanation for the strong 1/MTD vs. potency 
correlation despite the fact that it is hard to prove. Many believe, as 
I do-> that the high doses used in the bioassays are capable of producing 
carcinogenic responses not necessarily present at lover doses of the same 
chemical. Depending on the chemical the mechanisms will vary, e.g., 
altered metabolic pathways, ala Perry Gehring; altered physiology, e.g., 
d-limtonene, NTA, saccharin, enhanced cell proliferation, ala Bruce Ames; 
altered endocrine or hormonal status, e.g., mammary and thyroid cancers 
and many others. If this is true, and more evidence is accumulating that 
it is, then high-to-lov-dose extrapolation of carcinogenic effects, on 
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the basis of bioassay results only, is not credible. This is not to say 
that all high dose carcinogens are not carcinogenic at low doses. But 
the current NTP cancer bioassay data base with approximately 50% of the 
compounds testing positive contains many compounds that are probably not 
carcinogenic at low doses mixed in with many that are. The point is the 
test does not discriminate between them. 

Back to Druckrey 

While Secretary Fleming was reading the MIDER Report to Congress in 1960, 
Hans Druckrey in Germany was preparing to publish a review of his life¬ 
long work on chemical carcinogenesis. He published it in 1966 in a 
review article entitled: 

"Quantitative Aspects in Chemical Carcinogenesis." 

He and his colleagues were very well recognized - Druckrey, Preusman, 
Schnahl, Nakayima and others were major contributors to the field of 
chemical carcinogenesis. Their work spanned 25 years and included the 
testing of over 100 different chemical compounds in some 10,000 rats. 

An example of his work on diethylnitrosamine is shown on the next slide. 
He administered daily doses in the drinking water until 50% of the 
animals in each group had liver tumors. The slide (Slid e 13) shows that 
at the lowest daily dose rate (0.075 mg/kg/d) the cumulative dose re¬ 
quired to produce cancer in 50% of the animals was only 1/15 of that 
required at a daily dose of 14.2 mg/kg/d. 
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This fact, that lower doses applied for a longer period could be more 
potent than larger doses of less duration was avidly learned and made a 
permanent feature of the lore of chemical carcinogenesis* But part of 
Druckrey’s work seems to have been ignored. First, the price that is 
paid for a more efficient dose response is a longer induction time. And 
second, the cumulative doses involved are large, comparable to ingesting 
1/10 of the MTD daily for a lifetime. This nitrosamine work was pub¬ 
lished in 1963 and, before that in 1961, Shubik had shown that not only 
were tumors generally slower developing at low doses, they also were more 
benign. 

The Druckrey data are plotted in the next slide (Sl ide 14). You can see 
the increase in the induction time with^decreasing dosage. The data show 
very clearly that 0.075 mg/kg/d is close to a practical threshold based 
on the fact that the induction time required for the development of the 
tumors approaches the lifetime of the animals. Druckrey 1 s rats didn’t 
live much longer than 2% years or 900 days — and these days they 
don’t live nearly as long. And he concluded that 

’’With very low dosage the induction time can be longer than the life 
expectancy and that this is apparently a limiting factor in car¬ 
cinogenesis.” 

He even had some regulatory advice for us: 

,? As a basis for future discussions it is proposed, that 1 per cent 
of the lowest dosage, which, given daily over the whole life span to 
susceptible experimental animals, produces cancer only at the end of 
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the life span, can be considered as the maximum tolerable dose for 
human beings. This, however, only in such cases, in which a com¬ 
plete exclusion from [the] human is not feasible." 

Some Co n clusio ns 

I don't have the answers to these current scientific issues in risk 
assessment, but I do have some suggestions as to how we should behave 
about them. 


CANCER IS A VITAL HEALTH ISSUE - (Slide^lfO - AND WE SHOULD TREAT IT 

SERIOUSLY AND DETERMINE WHERE THE REAL RISKS ARE. 

o - Face up to the fact that, as we use Quantitative Risk Assess¬ 

ment today, it is justified almost entirely as a very prudent 
regulatory standard - if that’s what we really want. It does 
not estimate risk and we will have to expect that it won't for 
decades. 

o - Stop the codification of risk assessment "acceptable levels" 

and risk assessment methodology,in Federal Statutes. We are 
just creating other kinds of Delaney Clauses. 

o - Try harder to examine some of the cancer mythology that under¬ 

lies our beliefs concerning thresholds, additivity and standard 
testing procedures for carcinogens. 
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Try to discourage media hype. Incessant coverage of the risk 
of real or suspect carcinogens - buoyed up by the exaggerated 
claims of QRA determined risks - makes it unnecessarily diffi¬ 
cult to get the public to appreciate the overwhelming impor¬ 
tance of smoking and the diet to cancer causation. 

o - Try to discourage the use of health warnings on trivial risks. 

It was absolutely appalling that for many years the health 
warning on saccharin in the U.S. was at least as strong as that 
on cigarettes. THAT'S NOT RISK COMMUNICATION! Cigarettes 
probably contribute some 150,000 deaths from cancer each year. 
Saccharin was banned by the FDA in 1977 on the grounds that it 
wasn't shown to be safe and on the Delaney Clause - not because 
it was known to produce cancer in humans. 

o - Finally, do some good research mechanistic work on cancer. 

There are, I think, three areas to focus on: 

1) Theoretical work 

2) Work at the cellular level, biochemistry 9 oncogenes 

3) Work in whole animals - (not MTD Testing) 

i. dosing regimens, effects of diet 

ii. effective dose studies and pkBP 
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iii* mechanism studies in vivo, e.g., foci development 


iv* secondary mechanism for non-mutagenic carcinogens 
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RELATIVE POTENCY OF CARCINOGENIC COMPOUNDS 


Tam.k I: Carcinogenic Compounds Arranged in Descending Order of Potency 


<*omjx)uncI 

N’|m tlf 

tnic e 
alive 
when 
tirst 
t tmtour 
:u>t>ears 

No. 
of tu¬ 
mours 

Per¬ 

cent¬ 

age 

of 

tu¬ 

mours 

IA) 

Papil¬ 

loma 

Epi¬ 

theli¬ 

oma 

Aver¬ 

age 

latent 

period 
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Index 

(X/HxiOO) 

1.9: 10-I)miethyl-1 : 2-be»zanthrace»e 

20 

13 

65 

6 

7 

43 

151 

2. Methylcholanihrene (a) 

18 

18 

100 

1 

17 

99 

lot 

3. Methylcholanthrenc (b) 

8 

5 

62.5 

0 

5 

151 

41 

4. Methvlcholamhrenc (a ami b added to¬ 
gether) 

26 

23 

88.5 

1 

22 

109 

80 

5. 3 ; 4-Benzpyrene (from pitch) 

10 

10 

100 

2 

8 

127 

79 

6. 3 : 4-Benzpyrene (synthetic) 

9 

7 

78 

2 

5 

109 

72 

7. 3 : 4-Benzpyrene (5 and 6 added to¬ 
gether) 

p> 

17 

89.5 

4 

13 

119 

75 

8. Cholanthrcne 

49 

28 

57 

5 

23 

112 

51 

9. 5 : 6-r>rM > ente»o-l : 2-l>enzanthracene 

14 

U 

93 

1 

12 

194 

48 

Ub 2-Methyl-3 : 4-bcnzphenanihrene 

16 

12 

75 

5 

7 

155 

48 

11. 10-Methyl-l : 2-l>enzanthracene 

18 

12 

66.5 ! 

2 

10 

147 

45 

12. 5 : 6-I)imcthyl-l : 2-bcnzanthracene 

19 

16 : 

84 

0 

16 

220 

38 

13. 6-mdYopyM : 2-benzarnhracene 

15 

11 

73.5 

1 

10 

204 

36 

14. 3 : 4 : 5 : 6-Dibenzcarbnzole 

19 

9 

47.5 

4 

5 

143 

33 

15. 3:4:8: 9-I)ibenzpyrene 

17 

10 

59 

0 

10 

205 

29 

16. 5-Methyl-1 : 2-benzanthracene 

8 

7 

8 7.5 

2 

5 

317 

28 

17. 5-ICthyl-l : 2-l>enzanthracene 

9 

7 

77.5 

2 

5 

285 

27 

18. 1:2:5: 6*I)il>enzamhrncene 

65 

41 

63 

8 

33 

239 

26 

19. 3 : 4-Ben/phenamhrene 

18 

12 

67 

5 

7 

387 

17 

20. 1:2:5: 6-1 )ibenzcarbazole 

9 

4 

44.5 

l 

3 

263 

17 

21. 5-n-lYnpyM : 2-benzanthracenc 

20 

6 

30 

3 

3 

192 

16 

22. 3: 4:5: 6-1 Hbenzacridine 

28 

11 

39.3 

2 

| 9 

357 

1 1 

23. 3'-Methvl-l : 2 : 5 : 6-dil>cnzanthracene 

25 

7 

28 

1 

! 6 

325 1 

9 

24. 1 : 2 : 5 : 6-I)ibenxacndine 

25 

6 

24 

i 2 

!_ 

| 4 

350 

7 

Tin ai.s 

1 

i 

t 

t 

305 


! 60 

| 245 




is still the possibility of an error due to the fact that a number of animals max 
die soon after the first tumours are seen and before the majority have appeared 
(3) Theoretically it would be an advantage in obtaining a quantitative com¬ 
parison of the potency of several compounds if all the experiments were carried 
out on pure-line mice under as nearly as possible the same conditions. Thb 
would“reduce the variation between the batches of animals used for different 
compounds, but the results of the comparison would then apply only to that 
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Ayfa/U J&AA ft$77} as M//h4 aS 0<//st£$ 

Occupational Cancers t<n* AH*#* /el? 


Agent 

Occupation 

Site of cancer 

Ionizing radiations 



radon 

certain underground miners 
(uranium, fluorspar, 
hematite) 

bronchus 

X rays, radium 

radiologists, radiographers 

skin 

radium 

luminous dial painters 

bone 

Ultraviolet light 

farmers, sailors \ 

skin 

Polycyclic hydrocarbons in 

chimney sweepers 

scrotum 

soot, tar ;) oil 

manufacturers of coal gas 

skin 


many other groups of ex¬ 
posed industrial workers 

bronchus 

2-Naphthyl amine; 1-naph- 

chemical workers; rubber 

bladder 

thyl amine 

workers; manufacturers 
of coal gas : 


Benzidine; 4-aminobiphenyl 

chemical workers 

bladder 

Asbestos 

asbestos workers; shipyard 

bronchus pleura and 


and insulation workers 

peritoneum 

Arsenic 

sheep dip manufacturers; 
gold miners; some vine¬ 

skin and bronchus 

l 

yard workers and ore 
smelters 


Bis (chloromethyl) ether 

makers of ion-exchange 
resins ] 

bronchus 

Benzene 

workers with glues, 
varnishes, etc.! 

marrow (leukemia) 

Mustard gas 

poison gas makers 

bronchus; larynx; nasal 


• 

sinuses 

Vinyl chloride 

PVC manufacturers 

liver (angiosarcoma) 

(Chrome ores) 

chromate manufacturers 

bronchus 

(Nickel ore) 

nickel refiners ? 

bronchus; nasal sinuses 

(Isopropyl oil) 

isopropylene manufacturers 

nasal sinuses 

* 

hardwood furniture makers 

nasal sinuses 

* 

leather workers 

nasal sinuses 


* Specific agent not identified. 
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TABLE 4 

ESTIMATED VIRTUAL SAFE DOSE (VSD) FOR FOUR MODELS FOR FOURTEEN SUBSTANCES 


SfitUiA/VfJ 


Estimaled VSD at Risk Level 10~ 6 


One-Hit 

Armitage-Doll Weibull 

Multi-Hit 

2.0 x 10" 5 

1.9 x 10- 4 

.52 

.80 

3.4 x 10- 5 

7.9 x 10- 4 

4.0 x 10-2 

.28 

4.5 x TO" 5 

.35 

.59 

2.3 

5.2 x 10" 6 

1.6 x 10- 3 

1.7 x 10-3 

3.8 x 10-3 

3.2 x 10" 5 

1.9 x 10" 2 

1.9 x 10- 2 

7.7 x TO" 2 

2.0 x 10- 2 

2.0 x 10-2 

2.1 x 10- 9 

3.9 x 10- 10 

2.1 x 10" 4 

2.2 x 10- 4 

2.6 x 10- 4 

2.6 x 10“ 4 

8.4 x lO" 8 

4.2 x 10-3 

4.3 x id' 3 

1.3 x 10-2 

1.6 x 10- 4 

4.0 x 10 -4 

3.1 x IQ" 2 

3.7 x IQ- 2 


4.3 x 10- 5 

.33 

.53 

1.1 

5.5 x 10- 4 

4.5 

6.0 

33.5 

5.7 x 10- 6 

2.2 x 10- 5 

1.2 x 10-3 

6.7 x lO- 3 

2.8 x 10- 4 

6.4 x 10- 4 

1.7 x 10-2 

4.9 x lO- 2 

3.7 x 10- 5 

5.7 x 10- 5 

1.1 x 10-3 

3.8 x 10-3 


fy/r/zc/t 

Vu/Sy? Y> /j/p 
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Log l0 (i/Mftximum Applltd Poie) 

FIGURE 1. Logarithm of carcinogenic potency VertWt logarithm of the Inverse of tbenwasr 
applied dose for female B&C3F1 mice In thf NCI/NTP terie* of bloaisays, Each point repeats:, 
separate experiment. The dotted line It I iMthiqUIfCt fit to these points. 
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Fig. 4. Comparison of the inverse of the maximum dose tested with maximum likelihood and upper- 
bound potency estimates of rat carcinogens. 
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Application of Epidemiology 
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TOOLS OF RISK ANALYSIS 


Applications of Epidemiology 


Overview 


II. Risk assessment epidemiology 


A. Definition: 


a description of the change in the 
incidence rate of a disease due to 
a known change in the level of 
exposure to a cause 


B. Purposes: 


- guide public health policies 

- guide the regulatory process 
a- assist in tort resolution 


C. Foundations: 


D. 


- basic science ^ c/r ^V^-recVr 

- animal studies - (jesapiVi-e poVcnty 

Growing importance of epidemiology: ~ the-loadfeet -4 rvussir 

^advances in methodology ^ bud- 

- reduced reliance on animal '^porVrri- 

research (ppec^s, ^ 

<^enepa£ixeJncm ~ SuV^ccVwe. - bases in law 

®-0|ma£5 hta>€^ cl Sinqle ex poster Q-nd tbe. de-sire. 4^ (Orcdace.. o-n cs? ; -pec4r 

III. Epidemiology - general 


C id © v 


Coppo&idTao -Vo'the. us-e. c^cu-unaO 


A. Definitions: 


the study of the distribution and 
determinants of disease in man 


B. Strengths 


C. Limitations 


an observationa l science dealing 
with the environmental causes of 
diseases of human beings 

- human beings 

- human lifestyles 

- non-experimental 

- often qualitative 


IV. Selected measures 


Incidence rate 

I = new cases/(population x time) 
example: the incidence rate of leukemia is 

10.1 cases per 100,000 person-years 


B. 


Risk 


R = new cases/population 

example: the lifetime risk of developing 

leukemia is 700 per 100,000 
persons, or 0.7% 


o 

f\5 

in 

in 

£> 

in 

i0 
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C. 


D. 


Relative incidence rate (relative risk, RR) 

Rjfsj = the incidence rate in an exposed group 
divided by that in a non-exposed group 
example: the RI of leukemia among rubber 

workers is 4.5 (base = 1.0) 

Standardized mortality ratio effWs of 

SMR = the number of deaths observed (usually 
in an occupational group) divided by 
the number of deaths expected 
example: among pliofilm workers the SMR 

is 337 (base = 100) 








V. Study designs - general 

A. Descriptive studies ioAiu(cLu^>!2j Wim is 

~Db-t Studied ~ o_G;rou-p l i stu.dy dorrelo-'V' on&Jl Otmcbss 

B. Follow-up (cohort) studies “ ~ 

a. prospective — is cM/ewepI - 

b. retro _ sp . ec . tiye - pasj _. 

C. Case-control" l«^5 irr,f5br4uj~>+ ^>r ft ft ■ Seldc-ferL d‘Seas^ 

Vxscon ujftp peopc. unth cuvi without d >S cose- H d e-1 ermine. QXphitUjL 

D. Proportional mortality ratio (PMR) 

VI. Study designs - specific 


A. The retrospective follow-up design 


Example: 


Advantages: 


Limitations: 


1165 rubber hydrochloride (pliofilm) 
workers followed-up from 1950-81 experi¬ 
enced 9 deaths from leukemia with 2.7 
expected, an SMR of 337 

fast, inexpensive ( ~ -Q y eoX^ 
exposure based 

profile of effects (all causes of death) 
relatively free of bias ( s^<5+xrno_hd errcr-j 

inadequate exposure-possible ^ errM We^ 

inadequate exposure documentation - 
usual 

prone to chance 

prone to confounding GJO'df'riccJnve, Q&tiS-z _ 
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B. The case-control .design ofij-e^, used for- 6$ 

t c/ e-rad ~ ?~>o~h Ccrtj prt&ise. 

Example: 


Advantages: 


Limitations: 


VII. Interpretations 

A. Chance — S-f udy JcxXqc. 

b. Bias — -hujj-~h di&xJ c o'rth pass/6/e, A/asos /n 
'de-si qrs phase. . 

C. Confounding - .Cj>CcHser' io~}s Or dcdci_ On Other" 1 )Y\Oc£>~Y) 

D. Valid leases 

causal 
null 

Comment: not mutually exclusive 

not permanent 

VIII. Causality 

A. Individual study 

strength 

internal consistency 
biological credibility 

B. Abstract, general case 

external consistency 
response to manipulation 


138 adults with leukemia, resident in 
Olmsted County MN, were compared with 
276 adults without leukemia. Informa¬ 
tion on benzene exposure was abstracted 
from medical records. Among persons 
with benzene exposure, the RI of leuke¬ 
mia was 3.3 compared to persons without 
exposure. 

fast b T^iO-ri~ft-? s> 

profile of exposures 
control confounding 
precise (not prone to chance) 
suitable for rare disease 

single disease 

only relative measures vP ' 

prone to bias ~ -j-o prout-- ~Pt eortb'o/k 

<S*A.e d-\MsJlu id e -sewne. Qs dhe~ 

(J — 

— Uoto aLohhe&c, /oi-fuenc & ouitorne. 
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C. Specific individual case - jor Ceases 

relevant exposure 
absence of alternative cause 


IX. Benzene and leukemia - A model risk assessment 


A. Basic science . 

not genotoxic 

damages chromosomes - T\ot deccr k |< -| 00 


B. Animal studies 

carcinogenic 

leukemogenicity problematic 

C. Epidemiologic studies I 


M P* 5 
1 f 


Epidemiologic studies i / 1 % p 

^ygenerally positive for AML 
. v v <v^^ s ^S^ poor quantification of exposure ''' 
s-a cS-'v 0 some potential confounding - cthe-r- soluerfe 


edfarr 



D. Epidemiologic data* 

observed deaths r^eoKtnuco 

- expected deaths: 

- total deaths: 

- mean cum. exposure: 

\r&-cs^ WieSt Y 


19 

9.6 

1273 

42 ppm-yrs 


4/1000- 


Risk assessment 

- excess deaths: 19-9.6 = 

- excess deaths/1000: 9.4/1.273 = 

- baseline risk: 7/1000 

- doubling dose: 

. (14/14.7)(42 ppm-yrs) = 

>e=> V*. qe.e^ Ao be eicpostd +o double. Ahe. _ 

The OSHA standard ^Cpp-m^ 3 oj r4 > 


K. 


•coj 'TYw/e^ do ( 


40 ppm-yrs 

r 15 )C 


A. For many years 

=10 ppm 8 hr TWA 

30 yrs x 10 ppm = 300 ppm-yrs 

2; 7 doublings = 800/1000 = unacceptable 

~7 additions ~ 56 deaths/1000 


B. Currently = X PP m 8 hr TWA 
30 ppm yrs 

~ 1.75 baseline ~ 5" excess 

deaths/1000 exposed 
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C. Issues — ''lYlodei CtS5u.mes 

- linear dose response 

- non-threshold 

- other 


4 September 1991 
Philip Cole, M.D. 


Austin H, Delzell E, Cole P: Benzene and leukemia: A review of 
the literature and a risk assessment. Am J Epidemiol 
127:419-439, 1988. 
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APPLIED OCCUPATIONAL AND ENVIRONMENTAL HYGIENE, 
Vol . 5, No. 7. pages 453 - 463 (July 1990 ). 


Notice of Intended Changes-Benzene 


Editors Note: In anticipation of significant interest and 
to ensure reader awareness of the proposed revision of 
the Threshold Limit Value (TLV) for benzene, publication 
of this revised documentation is issued at this time and in 
advance of the publication of the Threshold Limit Values 
and Biological Exposure Indices for 1990—1991 booklet. 
The recommendation of the Chemical Substances TLV 
Committee received approval from the ACGIH Board of 
Directors and members in attendance at the annual ACGIH 
business meeting on May 16, 1990. The recommendation 
is that benzene be listed on the Chemical Substances TLV 
Notice of Intended Changes for 1990-91 at 0.1 ppm as a 
time-weighted average (TWA) with a Skin notation and 
designation as an A1 carcinogen (confirmed human 
carcinogen). 

This proposed reduction for the adopted benzene 
TLV-TWA of 10 ppm and A2 carcinogen designation (sus¬ 
pected human carcinogen) will undoubtedly prompt spec¬ 
ulation ;as to the basis for the proposed revision. An esti¬ 
mated exposure to benzene of 238,000 U.S. workers and 
usage of more than 11 billion gallons of benzene per year 
are added incentives to publish the revised documentation 
at this time. The proposed revision will remain on the 
Notice of Intended Changes for a period of at least two 
years during which comment and substantive evidence for 
or against the appropriateness of the revised TLV is solic¬ 
ited by the TLV Committee. 

This publication of the documentation in Applied pro¬ 
vides an additional opportunity for comment 

Benzene 

CAS: 71-43-2 

Benzol; phenyl hydride; cyclohexatriene; coal naptha 

C 6 H 6 

Skin 

TLV-TWA, 0.1 ppm (0.3 mg/m 3 ) 

A1—Confirmed Human Carcinogen 


TLV-TWA, 100 ppm, 1946 

TLV-TWA, 50 ppm, 1947 

TLV-TWA, 35 ppm, 1948-1956 

TLV-TWA, 25 ppm, 1957-1962 

TLV-Ceilina 25 ppm, Skin, 1963-1976 

TLV-TWA, 10 ppm,A2, Skin, 1977-present; Skin notation deleted 1978 

TLV-STEL, 25 ppm, A2, 1980-1987 

TLV-TWA, 0.1 ppm, A1, Skin: proposed 1990 

Documentation revised, 1890 


Chemical and Physical Properties 

Benzene is a colorless, highly flammable, nonpolar liq¬ 
uid with an odor that is characteristic of aromatic hydro¬ 
carbons. Benzene can be supplied as industrial grade, ni¬ 


tration grade, or refined. Physicochemical properties of 
reagent grade benzene include: 

Molecular weight: 78.11 
Specific gravity: 0.87865 at 20°C 
Melting point: 5.5°C 
Boiling point: 80.1°C 
Vapor pressure: 75 torr at 20°C 
Closed cup flash point: — 11.1°C 
Autoignition temperature: 562°C 
Flammability limit in air: 1.5-8.0 vol% 

Odor threshold: 12 ppm 
Saturated air at 25°C contains 120,000 ppm 
Solubility: 0.180 g/100 ml water at 25°C; miscible in all 
proportions with carbon tetrachloride, ethanol, chlo¬ 
roform, diethyl ether, carbon disulfide, acetone, gla¬ 
cial acetic acid, and oils. 

Major Uses and Sources of Occupational Exposure 

At one time, benzene was an important solvent, espe¬ 
cially for inks, rubber, lacquers, and paint removers. At 
present, such uses are minimal; most benzene is consumed 
in the chemical industry as a raw material for numerous 
organic chemicals and in plastics manufacture. It is found 
in gasoline from trace amounts to as much as 30 percent 
in some countries (U.S. average, 1-3%). Total benzene 
usage exceeds 11 billion gallons per year, (1) and it is es¬ 
timated that 238,000 employees in U.S. petrochemical plants, 
petroleum refineries, coke and coal operations, tire man¬ 
ufacturers, bulk terminals and plants, and in truck transport 
are exposed to benzene. (2) 

Benzene is a myelotoxicant, known to suppress bone 
marrow cell proliferation and to'induce hematologic dis¬ 
orders in humans and in animals. Signs of benzene- 
induced aplastic anemia include suppression of leukocytes 
(leukopenia), red cells (anemia), platelets (thrombocyto¬ 
penia), or all three cell types (pancytopenia). Classic symp¬ 
toms include weakness, purpura, hemorrhage, pancyto¬ 
penia, and aplastic anemia. 

Animal Studies 

Subchronic 

When Sprague-Dawley rats and CD-I mice of either sex 
were exposed by inhalation to benzene at 1, 10, 30, or 
300 ppm, 6 hours per day, 5 days per week for 13 weeks, 
treatment-related pathology was observed in the high dose 
(300 ppm) groups of both species/ 3 * In mice, hematologic 
changes included decreased hematocrit, total hemoglobin, 
erythrocyte/leukocyte count, platelet count, and mye- 
ioid:erythroid ratio. In rats, decreased lymphocyte count 
and a relative increase in neutrophil count were the only 
exposure-related clinical change. Histopathological changes 
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were observed in the testes and ovaries at concentrations 
below 300 ppm, and lesions were observed in the thymus, 
bone marrow, lymph nodes, spleen, ovaries, and testes in 
mice inhaling 300 ppm. The alterations were more severe 
in the males than in the females. In rats, the only exposure- 
related pathology was a slight reduction in femoral marrow 
cellularitv at 300 ppm. <3) 

Studies to identify the target cells for benzene hema¬ 
topoietic toxicity indicated that benzene exposure dam¬ 
aged mouse pi impotent stem cells, the colony-forming cell 
units in the spleen, and the progenitor cells for granulo¬ 
cytes and macrophages. (4_6) Hematopoietic depression in 
rodents was observed at benzene concentrations as low 
as 103 ppm after a 5-day exposure.* 71 Cronkite et alS 8 > 9) 
reported a series of studies where CBA/CA mice were ex¬ 
posed to benzene at 10, 25,100, 300, or 400 ppm, 6 hours 
per day, 5 days per week for 2,4,8, and 16 weeks. Exposure 
to 100 ppm or greater for two weeks reduced bone mar¬ 
row cellularity'.* 81 When C57B176J mice inhaled 300 ppm 
benzene 6 hours per day, 5 days per week for a total of 
115 exposures, the numbers of B-lymphocvtes in bone 
marrow and spleen and the numbers of T-lymphocytes in 
thymus and spleen were reduced. (10) When BAJLB/C mice 
were exposed at 50 or 200 ppm benzene 6 hours per day 
for 7 or 14 days, the ratios and the absolute numbers of 
T- and B-lymphocytes in blood and spleen were de¬ 
pressed.* 11} Depression of B-lymphocytes was dose- 
dependent, and it was more severe than that of the T-ceIls. ( 11 1 
When male C57BL mice inhaled 10 ppm, 6 hours per day 
for 6 days, a significant depression in colony-forming units 
in B-lymphocytes was observed; similar inhalation of 31 ppm 
resulted in depressed blastogenesis of T-lymphocytes. (12) 

Chronic/Carcinogenicity 

When groups of 40 CD-I mice were exposed to benzene 
in air at 100 or 300 ppm, 6 hours per day, 5 days per week 
for life, two m ice in the high dose group developed mye¬ 
logenous leukemia. No leukemia was observed in the 
100-ppm dose^ group.* 131 Snyder et alS U) found that after 
groups of 40 C57BL mice inhaled 300 ppm benzene for 6 
hours per day, 5 days per week for 2 years, eight cases of 
lymphoreticular neoplasia (six thymic lymphocytic lym¬ 
phomas, one plasmocytoma, and one hemocytoblastic leu¬ 
kemia) occurred; two mice in the control group developed 
lymphocytic lymphomas. The incidence of tumors in the 
benzene-treated mice was significantly greater (p = 0.005) 
than that in the control.* 141 In a lifetime carcinogenicity 
bioassay in which oral doses of benzene were adminis¬ 
tered at 50 and 250 mg/kg-day, 4-5 days per week for 52 
weeks, there was a dose-dependent increase in total can¬ 
cers.* 15) The most prominent rat tumors observed were 
Zvmbal gland carcinomas, mammary' carcinomas, and leu¬ 
kemia. When Wistar rats and Swiss mice were given ben¬ 
zene at 500 mg/kg-day, 4 or 5 days per week for 104 or 
78 weeks, respectively, the numbers of Zymbal gland car¬ 
cinomas, hemolymphoreticular neoplasias, and total ma¬ 
lignant tumors were increased in the rats; increases in 
mouse Zymbal gland dysplasia and carcinomas, mammary 


carcinomas, pulmonary'tumors, and total malignant tumors 
were observed.* 16) 

In the National Toxicology' Program lifetime bioassay,* p) 
50 F344/N rats of each sex per dose group were treated 
with benzene by oral gavage at doses of 50, 100, or 200 
mg/kg-day for the males and at 25, 50, or 100 mg/kg-day 
for the females for two years. Similar groups of B6C3F1 
mice of both sexes were treated with 25,50, or 100 mg/kg- 
day. For the male and female rats, increases of Zymbal 
gland carcinoma, squamous cell papilloma, and squamous 
cell carcinoma of the mouth were observed. In the male 
rats, squamous papilloma and squamous cell carcinoma of 
the skin were also increased. For male mice, increased 
numbers of animals with Zymbal gland carcinoma, malig¬ 
nant lymphoma, alveolar/bronchiolar carcinoma, and al- 
veolarbronchiolar adenoma or carcinoma (combined), 
Harderian gland adenoma, and squamous carcinoma of 
the preputial gland were observed. For female mice, in¬ 
creased numbers of animals compared to the control were 
afflicted with malignant lymphoma, ovarian granular cell 
carcinoma, carcinosarcoma of the mammary gland, alveo¬ 
lar/bronchiolar adenoma, and alveolar/bronchiolar carci¬ 
noma were reported.* I7> 

Cronkite* 18) conducted a carcinogenicity bioassay wherein 
male and female C57BL/6 and CBA/Ca mice inhaled 100- 
300 ppm benzene, 6 hours per day, 5 days per week for 
16 weeks and found benzene-induced leukemia in the 
males. When mice inhaled 25 ppm benzene for as few as 
ten such exposures, lymphopenia resulted.* 18) 


Studies on the potential developmental toxicity of ben¬ 
zene administered by subcutaneous injections, ingestion, 
or inhalation have generally failed to show significant ad¬ 
verse effects in mice, rats, or rabbits (for review, see 
Schwetz* 19) ). Adverse developmental effects have been de¬ 
scribed in an unpublished rat bioassay performed by Litton 
Bionetics <20) wherein Sprague-Dawley rats inhaled 10-40 
ppm benzene, 6 hours per day on days 6-15 of gestation. 
Embryonic death increased from the control (6.2%) to 8.1 
and 9.5 percent for rats exposed to 10 and 40 ppm ben¬ 
zene, respectively. However, the Litton study* 20) was con¬ 
founded by the high ambient temperature in one of the 
exposure chambers during the study; maternal hyper¬ 
thermia is a known rodent teratogen. 

Kuna and Kapp* 211 conducted an inhalation study' in which 
pregnant Sprague-Dawley rats were exposed to benzene 
at 10, 50, or 500 ppm 7 hours per day on days 6-15 of 
gestation. Significant reductions in mean maternal body 
weight gain occurred. Mean fetal body weight was reduced. 
Fetal crown-rump distance was decreased significantly at 
500 ppm, and developmental delay was evident upon ex¬ 
amination of the fetal skeletons. Benzene was judged by 
these authors* 21 1 to be fetotoxic in rats at 50 and 500 ppm 
and to manifest teratogenicity' at 500 ppm. Coate et al. {22) 
found that when pregnant Sprague-Dawley rats inhaled 
1, 10, 40, or 100 ppm benzene 6 hours per day on days 
6-15 of gestation, no maternal toxicity' was noted; however, 
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a reduction in mean fetal body weight at 100 ppm was 
observed. No teratogenic effects were found.*— 1 When 
pregnant Swiss-Webster mice were exposed to 5, 10, or 
20 ppm benzene in air on days 6-15 of gestation for 6 
hours per day, alterations in the numbers of hematopoietic 
colony-forming cells in the progeny were recorded/ 23 * 
Marked reductions in eruhroid colony-forming cells were 
observed at ail benzene concentrations studied, and in¬ 
halation of 10 or 20 ppm also decreased the numbers of 
granulocytic colony-forming cells. When mice, previously 
exposed in utero to 10 ppm benzene, w r ere re-exposed to 
10 ppm for 6 hours per day for 2 weeks, a marked reduc¬ 
tion in the numbers of bone marrow differentiated ervth- 
roid colony-forming cells occurred/ 23 * Keller and Sny¬ 
der* 23 * interpreted these data as an indication that alterations 
of the murine hematopoietic system induced by neonatal 
benzene exposure could persist into adulthood. 

Ungvaiy and Tatrai* 24 * exposed CFLP mice and NZ rab¬ 
bits to benzene at 154 or 308 ppm, 24 hours per day, 
throughout days 6-15 of gestation. Benzene was detected 
in fetal blood and in amniotic fluid. At 308 ppm, retarded 
skeletal development and reduced fetal body weight were 
observed in mouse fetuses, and spontaneous abortions 
were reported in rabbits/ 24 * 

Genotoxicity Studies 

Benzene exposure can cause chromosomal aberrations 
in animals and in humans. Benzene exposure induces clas- 
togenesls, sister chromatid exchange, and micronuclei both 
in vivo and in vitro. {25) Benzene exposure has been shown 
to induce aneupioidy in dividing cells, presumably through 
inhibition, of tubulin assembly during mitosis. However, 
benzene exposure has failed consistently to induce point 
mutations, in genotoxicity test systems. 

Point Mutation 

In the Salmonella typhimurium gene mutation assay, 
benzene proved consistently negative for mutagenesis in 
plate-incorporation assays with or without microsomal en¬ 
zyme activation/ 26-29 * McCarroll et al. i50) published the 
only positive result using a microsuspension assay with 
hepatic microsomal activation such that an increase in the 
numbers of revertants in Salmonella strain TA100 was 
observed. 

Benzene exposure inhibited the growth of DNA repair 
deficient Escherichia coli strain WP100 (uvray recA", but 
no such effect was observed in repair proficient strains/ 31 * 
Growth inhibition was also observed in DNA repair defi¬ 
cient Bacillus subtilis strain M45 (rec“) (32) but benzene 
was considered without mutagenic activity in the E. coli 
PolA assay, an indication that the DNA polymerase activity 
was not critical for repair of benzene-induced damage to 
nucleic acid/ 33 * Benzene was reported negative in Sac- 
charomyces cerevisiae gene conversion and mitotic cross¬ 
ing-over assays/ 34 * however, it was considered mutagenic 
for S. cereiisiae strains D61-M and D6/ 35) 

When benzene was fed to Drosophila melanogaster at 


up to 2.5 percent in the diet, no evidence for a mutagenic 
response using the eye pigmentation as a genetic market 
was found/ 30 * When Drosophila were placed in air con¬ 
taining 27,000 ppm for 60 minutes (20% survival), a sig¬ 
nificant increase in sperm at ogonial crossing-over was ob¬ 
served and mutation frequency and translocation frequency 
were increased. These data were considered indicative of 
the stage-specific nature of benzene-induced spermato¬ 
gonia! mutagenesis in Drosophila}^ ) Benzene exposure 
altered gene expression as measured in the Drosophila 
wing morphology’ assay/ 38 * but results using the Droso¬ 
phila eye spot assay were judged negative* 39 * or at most 
equivocal/ 40 * In grasshopper embryos, benzene exposure 
was associated with mitotic arrest, multipolar division, and 
chromosome lags/ 41 * 

Benzene was tested in a colloborative study of 12 lab¬ 
oratories using a variety' of cell lines and genetic mark¬ 
ers/ 42 * Benzene was mutagenic without hepatic enzyme 
(S9) activation in the mouse lymphoma L5178Y (TK + /+) 
assay in one laboratory, it was mutagenic in the Chinese 
hamster V79 cell assay at the oubain-resistant locus (NaK- 
ATPase defective) in one laboratory, and it was mutagenic 
at the 6-thioguanine resistance locus (HGPRT-) in one 
laboratory. Mutagenic activity was observed with S9 acti¬ 
vation in the mouse lymphoma L5178Y (TK + /-P) assay for 
trifluorothymine resistance (TK-) in two of the laborato¬ 
ries, and mutagenicity was observed in the mouse lym¬ 
phoma’15178Y (TK + /+) assay for oubain-resistance in 
one of the laboratories. Benzene was considered muta¬ 
genic without exogenous activation for 6-thioguanine re¬ 
sistance in human AHH-1 lymphoblasts. Except for the 
human lymphoblast and Chinese hamster V79 studies (which 
were not repeated in other laboratories), the findings for 
benzene point mutation could not be confirmed by other 
laboratories involved in the collaborative study/ 42 * There¬ 
fore, potential point mutation associated with benzene ex¬ 
posure in cultured mammalian cells is considered incon¬ 
clusive based on the studies published to date. 

Chromosomal Aberration 

Benzene treatment induces chromosomal structural 
changes and aneupioidy in cultured mammalian cells. In 
cultured human lymphocytes, chromosomal aberrations 
were observed after three hours of incubation with 9-88 pg 
benzene/ml with or without S9 activation/ 43 * Aberrations 
were also observed in Chinese hamster lung fibroblasts 
after treatment with 1100 fig benzene/ml and in Chinese 
hamster ovary (CHO) cells at 100 pig benzene/ml with S9 
activation. Aneupoloidy was reported in Chinese hamster 
primary hepatocytes treated with benzene at 62.5 jxgYnJ/ 44 * 

Benzene itself failed to induce sister chromatid ex¬ 
change (SCE) in cultured human lymphocytes without ex¬ 
ogenous metabolic activation (S9), but benzene metabo¬ 
lites increased SCE in a dose-dependent fashion/ 45 * The 
primary benzene metabolites (phenol, catechol, hydro- 
quinone) are transformed to benzo(semi)quinones, which 
presumably act as the ultimate genotoxic agents/ 45 * Ca- 
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techoi and hvdroquinone were potent SCE inducers at 
4.4 jxg/ml, M6) Glutathione (GSH) inhibited benzene-induced 
SCE formation, anti it was hypothesized that GSH conju¬ 
gation to benzene metabolites prevented DNA damage/ 47) 
Benzene and its metabolites were reported to decrease 
mitotic index, to inhibit ceil cycle transverse, and to in¬ 
crease SCE frequency in cultured human T-lymphocytes. 
The relative potency of benzene metabolites for SCE in¬ 
duction were catechol > 1,4-benzoquinone > hydroqui- 
none > 1,2,4-benzenetrioi > phenol > benzene/ 48 * 

Tice et al. {49) found a concentration-dependent increase 
in DBA/2 mouse bone marrow lymphocytes after a single, 
4-hour inhalation sindy of benzene at 28-3000 ppm; an 
increase in SCE was detected at 28 ppm. This response was 
strain-dependent as DBA/2 mice were more sensitive than 
C57BL/6 mice, young DBA/2 mice (three months) were 
more sensitive than older mice (10 months), and male 
mice were more sensitive than female mice. Following 
intraperitoneal injection, a linear dose-dependent increase 
in SCE was observed in DBA/2 mice/ 49 * 

Df^A Damage 

Benzene failed rej>eatedly to exhibit genotoxicity in tests 
for unscheduled DNA svsthesis (UDS) in cultured primary 
rat hepatocytes. Benzene is consistently negative in HeLa 
cells with or without metabolic activation. Glauert etal. (50) 
published the single positive report for increased UDS in 
cultured primary rat hepatocytes associated with benzene 
exposure. 

In a study of in intro DNA damage, mouse L5178 YS 
lymphoma cells failed to show single strand breaks after 
exposure to 1.0 mM benzene, phenol, or catechol or to 
0.1 mM hvdroquinone; however, a dose-dependent in¬ 
crease in DNA damage was observed after treatment with 
para-benzoquinone or 1,2,4-benzenetrioi/ 51 * Para-benzo- 
quinone at 6 pJVl induced 70 percent single strand DNA 
breaks within 3 minutes of exposure; the same damage 
was achieved by benzenetriol within 60 minutes/ 50 

A concentration-dependent increase in mouse periph¬ 
eral bkx)d micronuclei was observed after C57Biy6 mice 
inhaled 10, 25, 100, or 400 ppm, 6 hours per day, for 9 
days/ 52 * When C57BI/6 mice inhaled 300 ppm benzene for 
16 weeks under a similar protocol and the patterns for 
micronucleus induction monitored, the initial increase was 
followed by a gradual decrease/ 53) When the peripheral 
blood of B6C3F1 rmce given oral benzene* 17> w’as studied, 
a dose-dependent increase in the numbers of circulating 
erythrocyte micronudei occurred A significant increase 
was observed in male mice given a dose as low as 25 mg/kg- 
dav for 120 days/ 54 * Pretreatment of male and female CD-I 
mice with metabolic enzyme-inducing agents (phenobar- 
bital, SKF-525A, Arochlor 1254) failed to protect against 
the clastogenic effect of benzene exposure, but pretreat¬ 
ment w'ith 3-methylcholanthrene potentiated benzene 
myeloclastogenicity’/ 551 Male mice were more sensitive than 
female mice and chromosomal damage was greater after 
oral than after intraperitoneal administration/ 55 * 

Chromosome aberrations were induced in Wistar rats 


after inhalation of 100 or 1000 ppm benzene/ 56 * When 
male DBA/2 mice inhaled benzene at 0,10,100, or 1000 ppm 
or male vSprague-Dawiey' rats inhaled benzene at 0, 0.1, 
0.3, 1, 3, 10, or 30ppm for 6 hours, significant (dose- 
dependent) increases in SCE and micronuclei were ob¬ 
served in mice at ^ 10 ppm, and increased SCE and mi¬ 
cronuclei were observed in rats inhaling ^ 3 ppm and at 
1 ppm, respectively/ 5 "* The Erexson data* 57 * are the lowest 
concentrations of inhaled benzene that have been reported 
to induce genotoxicity. 

Neoplastic Transformation 

Using morphologically transformed colonies as a marker, 
benzene was considered mutagenic in Syrian hamster em¬ 
bryo (SHE) cells, but it was not considered mutagenic in 
cultured Balb/C 3T3 mouse fibroblasts, in Simian adeno¬ 
virus-transformed SHE cells, and in Chinese hamster ovary' 
(CHO) cells/ 58 * Benzene, hvdroquinone, and para-ben¬ 
zoquinone were reported to alter gene expression in cul¬ 
tured Swiss mouse spleen lymphocytes, where hydroqui- 
none and para-benzoquinone at 10-20 gM inhibited RNA 
synthesis 50 percent/ 59 * Inhibition of T-cell proliferation 
and reduced production of interleukin-2 (a T-ceil growth 
factor) by 5 |xM para-benzoquinone was suggested to ac¬ 
count, in part, for benzene-induced aplastic anemia/ 59 * 

Human Cytogenicity 

Forni et al } 60 * found a significant increase in lymphocyte 
chromosome aberrations in two groups of workers with 
overt benzene intoxication as compared to age-matched 
controls. One group consisted of 25 individuals recovered 
from benzene hemopathy 1-18 years previous along with 
4 additional workers currently suffering from acute ben¬ 
zene poisoning. The second group consisted of 34 workers 
in a rotogravure plant exposed at 125-532 ppm benzene 
in air from 1952 to 1953. Tough et #// 61 ’ 62 * found an in¬ 
creased incidence of chromosome aberrations in 38 work¬ 
ers inhaling 25-150 ppm benzene for 1-25 years com¬ 
pared to the incidence in the general human population. 
These individuals had been exposed to benzene until two 
to four years prior to the study/ 61 - 62 * Watanabe et alS 65) 
found an increase in the frequency of SCE among nine 
females at six .onths after cessation of benzene exposure 
at 1-9 ppm for 1-20 years and among seven females ex¬ 
posed to benzene at 3-50 ppm for 2-12 years. Killian and 
Daniel* 64 * found a significant increase in chromosomal 
aberrations among workers exposed to average benzene 
levels below 10 ppm. Workers exposed to benzene (av¬ 
erage, 56.6 months) had a doubling of chromosomal breaks 
and a threefold increase in rings and dicentric chromo¬ 
somes. Almost twice as many benzene-exposed workers 
as controls exhibited both chromosome breaks and rings 
and dicentric chromosomes/ 64 * 

Picciano* 65 ’ 66 * examined the Killian and Daniel* 64 * data 
and reported that 38 (73.1%) of 52 workers exposed to 
mean ambient benzene at less than 10 ppm had chromo¬ 
some breaks as compared with 18 (40.9%) of 44 matched 
(unexposed) controls. When individuals with both chro- 
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mosome breaks and chromosome markers (rings, dicen¬ 
tric chromosomes) were compared, less r^an 3 percent of 
the nonexpased group showed genetic damage where 2" 
percent of the exposed workers were afflicted with chro¬ 
mosome aberrations (p < 0.001). 

A number of repons suggests that benzene-induced hu¬ 
man chromosome damage is site-specific. Ding et al. l(r) 
reponed a cytogenetic study of 21 patients (8 male and 13 
female) with chronic benzene poisoning who had been 
exposed to unspecified benzene concentrations for 1-28 
years (average, 6 years). At the time of cytogenetic analyses, 
all individuals had not been exposed for 5-20 years (av¬ 
erage, 10 years), and all but one had recovered from clin¬ 
ical signs of benzene poisoning. Hypodiploid and hyper¬ 
diploid cells were increased significantly in the benzene- 
exposed patients, and chromosome deletions in the hy¬ 
podiploid cells involved groups C, E, and G chromosomes 
and chromosome gains in the hyperdiploid cells involved 
groups C and E. Similar findings were also reponed by 
Sasiadek and Jagielski (68) where chromosomal aberrations 
were detected more frequently in chromosomes 2 (Group 
A), 4 (Group B), and 6 and 9 (both are Group C). Sano 
and associates (69) found an increase in chromosome ab¬ 
errations among 22 workers inhaling 0.2-12.4 ppm ben¬ 
zene for 11.4 ± 7.0 years; a control population was matched 
for sex, age, smoking habits, and site of residence. 

Pharmiacokmetie/Metabolism Studies 

Rusch et al. {7) concluded that humans absorb approxi¬ 
mately 46 percent of the benzene that is inhaled. Assuming 
a respiratory rate of 16 per.minute and a tidal volume of 
0.5 liters, approximately 7.5 pi benzene can be expected 
to be absorbed each hour through the lungs of a person 
inhaling aiir containing 10 ppm benzene/ 7 * 

Benzene dermal absorption was 0.05 percent when neat 
liquid benzene was applied directly to a human forearm 


at 0.0022 mg/cm 2 and allowed to dry, ri)) and the flux of 
benzene through cultured human abdominal skin from air 
saturated with benzene at 31°C was 1.0 jjiLcm _2 *hr“ , . (7,) 
Susten et al. ri) found that after dermal application of 
5 (jlL u C- labeled benzene to intact skin of hairless mice, 
maximal skin radioactivity occurred at 1.5 min, and it re¬ 
mained “essentially unchanged for at least 2.5 hr." Perme¬ 
ability is, however, dependent upon presence of solvents. 
Blank and McAuiiffe (71) found the constants to be 111, 3.73, 
2.4, and 1.4 x 10“ 3 plcm _2 *hr _I , respectively, for water, 
hexadecane, isooctane, hexane, and gasoline. Based on in 
vitro percutaneous absorption and in vivo inhalation data, 
one example of calculated total benzene exposure used 
an adult working in ambient air containing 10 ppm ben¬ 
zene with 100 cm 2 skin surface in direct contact with gas¬ 
oline containing 5 percent benzene. It was estimated that 
if the workers entire skin surface was in contact with 
ambient air, the individual would absorb 7.5 pi benzene 
via inhalation in one hour, 7.0 pi from direct dermal con¬ 
tact with gasoline, and 1.5 pi from body surface exposure 
to ambient air. (71) 

Sabourin et al. m) investigated the absorption and elim¬ 
ination of benzene in F344/N rats, Sprague-Dawley rats, 
and B6C3F1 mice after an oral or intraperitoneal dose of 
0.5-150 mg/kg. They reported that gastrointestinal absorp¬ 
tion was essentially complete. 

The toxicity of benzene has been attributed to its me¬ 
tabolites/ 7 ^ A major metabolite is phenol (Figure 1), gen¬ 
erated by oxidation of benzene by the liver cytochrome 
microsomal system (75) via the reactive epoxide interme¬ 
diate, benzene oxide. Results of physiologically based 
pharmacokinetic modeling of benzene metabolism found 
that mice metabolized a greater proportion of absorbed 
benzene to the hydroquinone conjugates and muconic acid 
than did rats. (76) Rats metabolized benzene primarily to 
the phenyl conjugates and to the phenyl mercapturic 
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FIGURE 1. Major pathways of benzene metabolism. (Reproduced with permission from reference 76.) 
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acids/ 761 Although bone marrow enzymes are not efficient 
for benzene metabolism, phenol can be metabolized in 
marrow via myeloperoxidase/^* Benzene metabolism to 
phenol, formation of water-soluble phenyl glucuronide 
and sulfate conjugates, and conjugation with glutathione 
and urinary elimination of benzene as the phenylmercap- 
turic acid are considered detoxication pathways. Micro- 
some ring-opening reactions giving rise to the reactive 
mucondialdehyde yield muconic acid, a pathway consid¬ 
ered responsible for at least some aspects of benzene tox¬ 
icity. Hydroxylation of phenol generates hydroquinone; 
dehydrogenation of benzene dihydrodiol generates ca¬ 
techol/ 78 ’ 79 * Hydroquinone and catechol can accumulate 
in bone marrow and lymphoid tissues; (80) hydroquinone 
can oxidize spon taneously in intro to para-benzoquinone 
under physiologic conditions.* 81 ’ 82 ) Catechol does not ox¬ 
idize spontaneously under these conditions; however, it 
can be metabolized (presumably the cytochrome P-450 
system) to 1,2,4-benzenetrioi/ 83 * The toxicity of hydro¬ 
quinone and 1,2,4-benzenetrioi involves free radical for¬ 
mation via superoxides; covalent binding of the semiqui- 
nones to DNA, RNA, and other cellular components; and 
direct alkylation of sulfhydryi groups by para-benzoqui¬ 
none or its derivatives. Hydroquinone and benzoquinone 
were the most toxic metabolites to cultured bone marrow' 
stromal cells, where catechol and benzenetriol inhibited 
colony growth only at very high benzene doses to male 
B6C3F1 mice. (80> Injury to bone marrow stromal cells has 
been implicated as a precursor step to benzene hemato- 
toxicity. (80) A recent symposium on benzene metabolism, 
toxicity, and carcinogenesis (84) provides an authoritative 
summary on benzene biotransformation and the implica¬ 
tion for human health risk assessment. 

Human Studies 

As an acute £>oison, benzene produces narcotic effects 
comparable to those of toluene. Benzene is considered 
very toxic; probable human oral lethal dose would be 
between 50-500 mg/kg (I tsp to 1 oz)/ 85) Human inha¬ 
lation of approximately 20,000 ppm (2% in air) was fatal 
in 5-10 minutes/ 86 * 

Aksoy etal. (H7 ~ H9) studied 28,500 Turkish shoe and hand¬ 
bag production workers who inhaled an average of 150- 
210 ppm when benzene-containing adhesives were used 
and 15-30 ppm at other times. Peak benzene exposures 
varied between 210 and 640 ppm, and the duration of 
exposure was estimated to average 9.7 years. Of the 44 
cases of pancytopenia, 23 (52%) experienced remission of 
the aplastic anemia, 14 (32%) died from complications of 
aplastic anemia or pancytopenia, and 6 (14%) later died 
from leukemia. Of 42 leukemia cases, 26 percent were 
preceded by a 6-nionth to 6-year period of panq'topenia 
prior to the onsei: of leukemia. Aksoy* 90,91 * reported an 
update to the above cohort to the year 1983, wherein a 
total of 73 patients chronically exposed to benzene were 
examined. Fitty-one of the 73 had leukemia, 12 had ma¬ 
lignant lymphoma, 4 had multiple myeloma, and 6 had 


lung cancer. Among the 51 leukemic patients, 20 were 
afflicted with acute myeloblastic leukemia, 7 were consid¬ 
ered preleukemic, 20 w'ere diagnosed with acute eryth- 
roleukemia, 5 had acute myelomoncxtytic leukemia, and 1 
was diagnosed as an acute undifferentiated leukemia. Thir¬ 
teen of the 51 leukemic patients had suffered panqto- 
penia; the average duration of benzene exposure was 9.93 
years. 

Vigliani (92) studied groups of workers employed in ro¬ 
togravure plants, shoe factories, and other industries where 
benzene was used as a solvent. Benzene concentrations in 
air near the rotogravure machines were 200-400 ppm, 
with peak values as high as 1500 ppm. Sixty-six cases of 
benzene hemopathy were observed, and of the 18 deaths 
in this group, 7 died of aplastic anemia and 11 died of 
leukemia. In a second group of workers where ambient 
benzene ranged from 25-600 ppm, 135 workers with ben¬ 
zene hemopathy were studied. Of the 135,16 died (3 from 
aplastic anemia and 13 from leukemia). 

Infante et al {9i) reviewed death certificates for a cohort 
of 748 white male workers who had been occupationally 
exposed to benzene from 1940-1949; exposures are not 
known precisely but ranged up to 100 ppm/ 94 * Others* 95) 
cite reports that peak exposures may have been as high 
as 200-350 ppm. Vital status was followed up to 1973. A 
fivefold excess risk of all leukemias was reported, and a 
tenfold excess of deaths from myelogenous and monoqtic 
leukemias was observed. In a follow-up through June 30, 
1975, Rinsky et aL (96) reported 7 deaths from leukemia 
versus 1.25 expected (standardized mortality ratio [SMR] 
= observed no. deaths/expected no. deaths = 560). When 
compared by length of employment, there w r as a significant 
excess of leukemia observed among workers employed 
five or more years, but not among those employed less 
than five years. Two workers died from leukemia among 
the group employed less than five years compared to 1.02 
expected (not statistically significant). Among those em¬ 
ployed for five or more years, five died from leukemia 
compared to 0.23 expected (SMR = 2100). Short-term area 
samples measured between 1946 and 1976 indicated that 
most benzene levels were below 100 ppm and some were 
above 100 ppm/ 95 ’ 96 * Rinsky et al. {96) cite documents in¬ 
dicating that these workers were required to wear respi¬ 
rators (efficiency not stated) when exposed (even mo¬ 
mentarily) to concentrations greater than the TWA (ranging 
to a maximum allowable concentration of 100 ppm in 1941 
to an 8-hour TWA of 10 ppm from 1969 on). For those 
individuals with more than ten years of employment, three 
leukemia deaths were observed as compared to 0.09 ex¬ 
pected (SMR = 3300). Cumulative benzene exposure was 
calculated for each member of the benzene cohort in ppm- 
years, and the cohort follow-up was extended to 1982/ r) 
A total of 1165 white males with at least one ppm-dav of 
cumulative benzene exposure (to December 31,1965) were 
included in the cohort for a total of 31,612 person-years 
at risk. Fifteen deaths in this cohort w r ere observed from 
lymphatic and hemopoietic cancers versus 6.6 expected 
(SMR = 227). Nine cases of leukemia were observed corn- 
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pared to 2T 7 expected (SMR = 33"), and four cases of 
multiple myeloma were observed compared to one ex¬ 
pected lSMR = 409) (all cases statistically significant). Rin- 
sky et al. {kr) determined that cumulative exposure to ben¬ 
zene (measured as ppm-years) was the most reliable 
predictor of death from benzene-induced leukemia. In¬ 
creases in cumulative exposure were associated with marked 
progressive increases in the SMR for leukemia: among 
workers with less than 40 ppm-years cumulative exposure, 
the SMR = 109; with 40 to 199.99 ppm-years cumulative 
exposure, the SMR - 322; with 200 to 399.99 ppm-years 
cumulative exposure, the SMR = 1186; and with 400 or 
more ppm-vears, the SMR = 6637. (The ppm-years were 
calculated as 40 years at 10 ppm average exposure/year = 
400 ppm-years.) Seven of the nine leukemia deaths with 
multiple myeloma had less than 40 ppm-years of benzene 
exposure. Rinskv et al. {97} concluded that protection from 
benzene-induced leukemia increased exponentially with 
reductions in exposure time. 

Yin et ai m) conducted a retrospective cohort study of 
28,460 workers exposed to 3-308 ppm benzene (with the 
majority exposed to 15-150 ppm) compared to a control 
cohort of 28,257 workers not known to be exposed to 
benzene. Thirty cases of leukemia were found in the ex¬ 
posed population compared to four such cases in the con¬ 
trol. The benzene cohort experienced a leukemia mortality 
rate of 14 per 100,000 person-years, and the control pop¬ 
ulation experienced a leukemia mortality rate of 2 per 
100,000 person years (SMR = 5.74). In an additional study 
authored by Yin and associates/ 99 * ambient benzene con¬ 
centrations for 508,818 workers averaged 5.6 ppm with 65 
percent of the workplaces having less than 12 ppm and 1.3 
percent having benzene levels greater than 308 ppm. Aplastic 
anemia occurred at 12.1 per 100,000 persons in this cohort 
and represented a 5.8-fold increase over that of the general 
population. 

Ott et al. (l00) carried out a mortality study of 594 white 
male workers exposed to benzene from 1940-1970. The 
Occupational Safety and Health Administration (OSHA) (101) 
concluded that the Ott cohort was exposed to an average 
of 5 ppm; for an average of nine years. Three cases of 
myelocytic leukemia (2 classified as acute) were found 
compared to 0.8 cases expected (p < 0.047). Bond et cdS 102) 
extended the cohort definition for the Ott study to include 
those employees who worked for at least one month (1938- 
1978) and increased the observation foilow-up to 1982, 
bringing the total persons studied to 956. Four deaths due 
to myelogenous leukemia were observed with 0.9 ex¬ 
pected (SMR = 444). 

Decoufle et al. il03) found a fourfold excess risk for lym¬ 
phatic and hematopoietic cancers among oil refinery and 
chemical plant workers exposed to benzene. The expo¬ 
sures were very 7 poorly documented, but they resulted 
primarily from plant fugitive emissions and perhaps ac¬ 
companied by gross exposures from cleaning tools, hands, 
and clothing with liquid benzene. The historical cohort 
mortality study of 259 male employees found four deaths 
from lymphoretictflar cancers compared to 1.1 expected 


(SMR = 364), and three deaths due to leukemia where 
0.4 were expected. The multiple myelomas observed here, 
taken together with previous reports of benzene-associated 
myeloma, prompted the suggestion that the pathogenesis 
of human multiple myeloma and chronic lymphatic leu¬ 
kemia may arise from damage to B-cell lineage. 4103 * 
Wong 1 1(H - l0S} divided the benzene exposure for 4602 work¬ 
ers (minimum time of 6 months) into four categories: 

< 1 ppm; 1-10 ppm; 11-50 ppm; and 50 ppm, with peak 
exposures of < 25 ppm, 25—100 ppm, and >100 ppm. He 
compared their mortality with that of 3074 employees from 
the same or similar plants w'ho had no known occupational 
benzene exposure. When all lymphatic and hemotopoietic 
cancers were considered, there was a significantly elevated 
risk (p = 0.03) for benzene-exposed white males when 
compared to unexposed workers. There was a significant 
concentration-dependent increase for all lymphohemato- 
poietic cancers (p = 0.02), for leukemia (p = 0.01), with 
borderline significance (p = 0.057) for non-Hodgkins 
lymphopoietic cancers. Prolonged cumulative exposures 
were judged more important for human benzene carcin¬ 
ogenicity than maximum peak exposures, and the au¬ 
thors 00 *’ 105 * concluded that there was a significant asso¬ 
ciation between occupational benzene exposure and the 
occurrence of leukemia, all lymphopoietic cancers, and 
non-Hodgkin's lymphopoietic cancers. 

A number of epidemiologic studies 006 - 117 * have consid¬ 
ered the mortality and cancer incidence among petroleum 
and rubber workers. Most of these studies, however, failed 
to quantify the benzene exposures adequately, failed to 
determine whether the toxicity reported was indeed as¬ 
sociated with benzene exposures, and were confounded 
by difficulties in confirming the validity of the diagnoses 
upon which the SMR and other risk estimates were made. 

The latency period for benzene induction of human 
leukemia varies from 2 to 50 years. Aksoy et alS %1 ~ 91 * found 
that the induction period ranged from 6 to 14 years (me¬ 
dian, 11 years). Vigliani (92) reported an induction period 
of 3 to 23 years (median, 9 years), and Rinsk/ 96 * indicated 
a median latency of 12 years (2-22 years). The Shell Oil 
study 41,3) indicated a latency of 17-54 years between the 
date of hire and date of death from leukemia. Yin (98) es¬ 
timated the average latency time for benzene-induced leu¬ 
kemia as 11.4 years. The 1985 OSHA report 001 * concluded 
that 11 years was a reasonable estimate for the average 
duration of leukemia induction associated with occupa¬ 
tional benzene exposure. 

Basis of the TLV 

Although benzene has long been recognized as a mye- 
lotoxicant (e.g., more than 140 fatalities due to benzene 
poisoning were recorded in the open scientific literature 
prior to 1959), the carcinogenic activity of chronic expo¬ 
sure to relatively low ambient concentrations of benzene 
in workplace air was not recognized until the last ten years. 
Benzene is a human and rodent clastogen and carcinogen. 
Adverse health effects in animals expospd to benzene mir- 
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ror those repoited in humans, with exposure at 1 ppm 
benzene and above inducing measurable cytogenetic dam- 
age.* 57 * Women inhaling 1-9 ppm exhibited increased lym¬ 
phocyte chromosome aberrations,*- 63 * and significant ele¬ 
vations in chromosomal aberrations have been corroborated 
among workers inhaling benzene at mean concentrations 
less than 10 ppm.* 64 ' 66 * 

Several quantitative human health risk assessments have 
been carried out in an attempt to define the concentrations 
of benzene in air that are associated with lifetime excess 
cancer risk,* 2 * but these methods are problematic, partic¬ 
ularly when attempting to extrapolate quantitative animal 
data to the human. Notable has been their failure to in¬ 
corporate the differential metabolic disposition and known 
pharmacokinetic parameters for rodents (76) compared to 
human beings. Ihe rodent carcinogenicity data support 
the designation of benzene as a known human carcinogen. 

Theoretical estimates of excess cancer risk can be cal¬ 
culated using any of a variety of statistical models, including 
the linearized ‘'multistage” (which does not describe bio¬ 
logic initiation/promotion phenomena), the one-hit, Wei- 
bull, logit, or probit models; however, there is no current 
understanding of the biochemical mechanisms involved in 
benzene-induced leukemia and other cancers to show that 
any one of these methods is any more accurate than an¬ 
other. Because of the different assumptions that must be 
made for use of '-the different models, the theoretical es¬ 
timates of excess cancer risk that result can differ by orders 
of magnitude. White etalS u8) used a linear, nonthreshold 
model to describe the benzene dose-response human 
carcinogenicity data and calculated that at 10 ppm benzene, 
44-152 excess cases of leukemia per 1000 exposed work¬ 
ers would occur, and that at 1 ppm benzene, 5-16 such 
excess case would occur. The International Agency for 
Research on Cancer (IARC)* 115 * used a similar approach 
and published theoretical excess cancer risk estimates of 
14-140 excess cases per 1000 individuals exposed at 10 
ppm, and 1.4-14 excess cases among 1000 individuals ex¬ 
posed at 1 ppm. Crump and Allen* 2 ’ 119) carried out quan¬ 
titative analyses of the epidemiologic data gathered by Rin- 
sky et aL', (96 > 97) Ott. el al ^ 10 °* and Wong et # ; .* 104 ’ 105) After 
45 years (working lifetime) exposure at 10 ppm benzene, 
Crump and Allen* 139 * calculated 95 theoretical excess leu¬ 
kemia deaths per 1000 workers. Exposure at 1 ppm was 
calculated as ass<x:iated with 10 theoretical excess leuke¬ 
mia deaths per 1000 workers. Although such estimates have 
been preferred in the legal arena, (2) these methods remain 
the subjects of severe criticism.* 2 ’ 120 ’ 120 

Because of the acknowledged high quality of the epi¬ 
demiologic data, (2) direct inspection of these data can pro¬ 
vide the basis for the benzene TLV. The Dow Chemical 
Company study 000 * “demonstrates a significant fourfold 
increase in myelogenous leukemia for workers who had 
been exposed to average benzene concentrations of about 
5 ppm for an average of about nine years” and “two out 
of the four individuals in the study who died from leukemia 
were characterized as having been exposed to average 
benzene levels below 2 ppm.”* 2 * 


The risk assessment for benzene and leukemia is based 
on the human data. Rinsky et ai {T) provided the most 
authoritative examination of the knowm odds of death from 
benzene-induced leukemia. For a worker exposed at av¬ 
erage daily benzene concentrations of 10 ppm for 45 years, 
the odds of death from leukemia were 290 times that of 
an unexposed worker. For an individual inhaling 1 ppm 
for 45 years, the odds of benzene-induced leukemic death 
were 1.7 times that of an unexposed worker. For an in¬ 
dividual inhaling 0.5 ppm for 45 years, the odds of ben¬ 
zene-induced leukemic death were 1.3 times that of an 
unexposed worker. Using these data, the odds of benzene- 
induced leukemic death at 0.1 ppm approach very nearly 
the odds of leukemic death for a worker who is not ex¬ 
posed to benzene. Accordingly, a TLV-TWA of 0.1 ppm 
benzene is recommended. A STEL is not recommended. 
The reader is encouraged to review the section on Ex¬ 
cursion Limits in the “Introduction to the Chemical Sub¬ 
stances” of the current TLV/BE1 Booklet for guidance and 
control of excursions above the TLV-TWA even when the 
8-hour TWA is within recommended limits. The recom¬ 
mended TLV of 0.1 ppm is less than the concentration 
associated with genetic damage in animals,* 57 * and it is less 
than the concentrations associated with genetic damage in 
human beings.* 63 * As calculations show that benzene der¬ 
mal absorption can contribute substantially to the total 
absorbed benzene dose, (71) the skin designation is 
appropriate. 

BEI Indication 

Biological monitoring for human benzene exposure at 
ambient concentrations less than 1 ppm can be most read¬ 
ily documented by determination of urinary S-phenylmer- 
capturic acid (Figure 1)° 22) The mercapturic acid conju¬ 
gate is formed and excreted together with phenol, catechol, 
hydroquinone, and hydroxy hydroquinone. It is a urinary 
metabolite of high specificity for occupational benzene 
exposure giving reliable indication of exposures at the 
0.1-0.15 ppm range, whereas urinary phenol is not reliable 
unless gross benzene exposure has occurred* 122 * 

The lowest practical detection limit, in the absence of 
interfering substances, has been reported at concentra¬ 
tions at least as low as 0.1 ppm. In the presence of inter¬ 
fering vapors, the accuracy and reliability of workplace air 
monitoring at ambient benzene concentrations even above 
1.0 ppm can be questioned. 
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“The uncharted galaxies of epidemiology are numerous” 

Lilienfeld el al. [11] 


1. INTRODUCTION 

The twentieth century has seen the rapid evolution of many new fields concerned with 
protecting public health. Epidemiology and risk assessment have several of the features 
common..to these new fields, and important differences. Both are needed to make the 
difficult decisions required in setting standards for levels of toxic agents in the workplace 
and environment. They differ in their aims, orientation, and time scale. 

According to Lilienfeld and Lilienfeld [2], epidemiology is “the study of the distribution 
of a disease or a physiological condition in human populations and of the factors that 
influence this distribution” (italics added). By contrast, health risk assessment denotes 

research and evaluation to characterize the probability of physical harm to humans S 

attributable to a particular agent or group of agents. While the distribution of disease 
provides; the focus for epidemiologic research, concern for adverse effects of specific 
toxicants drives risk assessment. Moreover, while epidemiologic studies proceed at the 
glacier-liike pace needed to mobilize large staffs of support personnel and to monitor large 
populations over long periods of time, risk assessment activities acquire the urgency felt 
by regulators, who must make decisions (including decisions to postpone decisions) today. 

Most important,’ while epidemiology is a scientific field that draws upon medicine, 
demography, and statistics, risk assessment is a hybrid of science and policy that draws 
not only upon fields such as epidemiology, toxicology, chemistry and engineering, but also 
upon psychology, politics, economics, law and social justice. 

These inherent differences in emphasis, timing, and nature complicate the role played 
by epidemiology in risk assessment for regulatory policy. In 1985, this role is still largely 
one of epidemiology’s uncharted galaxies. In the sections below, I review the role’s history, 
and the reasons why it will continue to play an essential part in regulatory decision¬ 
making. The role has placed epidemiologic findings and epidemiologists at the center of 
political controversies, and I discuss the positive and negative side effects of this new 
visibility. Finally, I explore ways to prevent the negative side effects and ways to increase 
the~utni!y"bTepidemiologic data for regulatory risk assessment. 

II. THE ROLE OF EPIDEMIOLOGY IN RISK ASSESSMENT 

Concern about industrially related contaminants in our air, water, and food began 
gathering momentum shortly before World War II, and accelerated with the publication 
in 1963 of Rachel Carson’s book. The Silent Spring. The spectre she painted of man’s 

1157 

Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545811 



U58 


Alice S. Whittemore 


Table 1 Partial list oe federal legislation jugulating toxic substances 


Legislation 

Year passed 

Delaney Clause of Food. Drug and Cosmetic Act 

1959 

Federal Hazardous Substances Act 

I960 

Clean Air Act 

1970 

Occupational Safely and Health Act 

1970 

Consumer Product Safety Act 

1972 

Federal Environmental Pesticide Control Act 

1972 

Federal Insecticide. Fungicide and Rodenticide Act 

1972 

Safe Drinking Water Act 

1974 

Resource Conservation and Recovery Act 

1976 

Toxic Substances Control Act 

1976 

Clean Water Act 

1977 

Table 2. Federal agencies regulating toxic substances 

Agency 

Year established 

Food and Drug Administration 

1928 

Environmental Protection Agency 

1970 ' 

Occupational Safety and Health Administration 

1970 

Consumer Product Safety Commission 

1972 


Table 3. Federal research organizations investigating toxic substances 


Organization 

Year established 

National Cancer Institute 1 

1937 

National Institute for Environmental Health Sciences 

1969 

National Institute for Occupational Safety and Health 

• 1971 

Nitional Toxicology Program : 

1978 


destruction of the earth with industrial emissions fueled public pressure for a rash of 
environmental legislation, some of which is listed in Table 1. Tables 2 and 3 show the 
parallel evolution of federal agencies created by Congress to regulate and control toxic 
emissions, and of federal research institutes to provide the scientific basis for such 
regulation. These developments have led many to regard the 1970’s as “the decade of 
the environment”. Although motivation for the environmental movement included 
concern about the adverse effects of contaminants on respiratory function, reproductive 
outcomes and genetic mutations, the most compelling constituent was public fear that the 
global destruction predicted by Carson would include an epidemic of chemically induced 
cancers. 

Figure 1 shows temporal trends in the estimated probability that a white male baby bom 
in the U.S. will either develop cancer or die from it. The temporal increase does not reflect 
the feared epidemic. Rather it reflects the greater proportion of men who will survive to 
old age when cancer risks are highest, as well as the more accurate diagnoses among the 
elderly, and the effects of tobacco. Apart from this real increase in cancer incidence and 
mortality, there is a perceived one due to the openness with which the disease is now 



Fig. I. Trend of lifetime probability for developing 

(-) or dying (-) of cancer, white male bom m 

the United States. (Source [3J). 



YEAR 


Fjg. 2. Proportion of articles published in American 
Journal of Epidemiology concerned with adverse 
health effects of physical and chemical agents in the 
-j«orkplace or general environment. 
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discussed. It is unthinkable today that a U.S. President would undergo furtive oral cancer 
surgery on a yacht in New York’s East River to keep it from his constituents, as did Grover 
Cleveland in 1893. 

The environmental movement of the 1970's has had a direct impact on the substance 
of epidemiologic studies. Figure 2 shows the increase with time in the proportion of those 
articles in tKe American Journal of Epidemiology that are devoted to the adverse effects 
of physical and chemical agents in the workplace and environment. Although a sizable part 
of this new research has examined acute and chronic respiratory disorders and re¬ 
productive disorders, the largest portion has dealt with environmentally and occu¬ 
pationally induced cancer. That cancer should monopolize a disproportionate share of the 
research reflects patterns of research funding, which in turn reflect priority patterns of 
public fear. Many of the examples and much of the discussion in this paper concern the 
relationship between epidemiology and risk assessment for cancer, although the problems 
and future prospects apply to other diseases as well. 

Estimating risks to health from environmental agents using human data must proceed 
in the face of formidable obstacles. Most toxic exposures occur chronically at levels that 
are low, variable, and measured with substantial error. Epidemiologic studies are likely 
to overlook a large number of small effects associated with such exposures. Data from 
those occupational studies dealing with high exposures and large effects typically provide 
limited guidance about risks at low environmental levels, as can be seen by comparing the 
very high lung cancer death rates of U.S. uranium miners with those of smoking and 
nonsmoking U.S. veterans, shown in Fig.- 3. An individual living in the U.S. today inhales 
naturally occurring radon gas and its radioactive decay products at an average rate of 
roughly two-tenths of a WLM per year [6J. (A WLM, the acronym for “working-level- 
month”, is z unit of cumulative exposure to a-radiation.) By age 70 he will have inhaled 
a totaTof about 14 WLM, a small amount in comparison with totals in excess of 
3000 WLM inhaled by U.S. uranium miners before the establishment of a federal standard 
in 1970. The startling excess of lung cancer among these miners relative to that of other 
U.S. white males illustrates the difficulty in attempting to use these data to estimate risks 
from low levels of radiation. 

The difficulty is also evident upon examination of the standardized mortality ratios 
(SMR’s) shown in Fig. 4. The SMR’s were computed using the entire cohort as the 
standard, and were normalized so that miners in the lowest exposure category of 
0-21 WLM form the referent group. Interest centers on risk among miners in the 
22-119 WLM range, because these exposures approximate those experienced by indP 
viduals living in areas with very high background radon levels. However, the evidence is 
equivocal: although the death rate for the 22-119 WLM group is almost twice that of the 
referent group, the increase is not statistically significant at the 5% level. 



Fig. 3. Age-specific lung cancer mortality rales in U.S. uranium miners (A - Ak smoking U.S. 

veterans (O - O) and non-smoking U.S. veterans (•-•). (Source {4.5] ) 
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Fig. 4. Standardized mortality ratios (SMRs) for lung cancer by workmg-level-months (WLM) 
of cumulative exposure in United States uranium miners. SMRs were normalized to 100% for 
exposure category 0-21 WLM. (Source [4]). 


Monitoring populations for disease'is time-consuming, expensive, and vulnerable to 
serious bias. One must worry that comparisons between exposed and unexposed popu¬ 
lations are not confourTded by differences in smoking and other determinants of health, 
nor biased by differences in subjective assessments of disease. Such worries are aggravated 
in studies of environmentally induced disease, because the effects are likely to be small and 
the danger of reporting bias great. 

These obstacles do not vitiate the strengths of epidemiology in risk assessment for 
regulatory policy. As noted by Doll in the context of policy-setting for the prevention of 
cancer [7], human observations continue to make several essential contributions to risk 
assessment. In the paragraphs below I list some of the reasons why human data are needed 
for regulatory decisions. 

First, they are needed to detect unsuspected hazards that have not emerged from 
laboratory tests. Animal experiments are still imperfect tools for detecting human cancer, 
largely because of the great variability across species in response to chemicals, and our lack 
of understanding about the causes of this variability. The International Agency for 
Research on Cancer has determined that there is sufficient evidence from human 
observations, but limited, inadequate, or nonexistent evidence from animal experiments, 
to classify as carcinogens the chemicals or chemical processes listed in Table 4. The fact 
that most of these chemicals have tested positive in one or more of the short-term in vitro 
or in vivo tests now in use, reflects not the sensitivity of the test battery but rather the 
intense scrutiny the chemicals have received, relative to those for which no human data 
are available. Moreover, the tests are not specific; one or more of them have been positive 
for a vast number of chemicals occurring naturally in the foods we eat and the products 
vve use. Thus laboratory tests do not yet provide a reliable screen for human carcinogens, 
and they are of limited or no utility for many other diseases or conditions associated with 
environmental exposures. Human data will continue to be needed, despite the obvious 
desirability of discovering health hazards before human exposure to them. 

Second, human data are needed to estimate exposure levels producing the highest 
additional risk that is socially acceptable. Just as laboratory tests provide imperfect screens 


Take 4 . Chemicals or industrial processes with sufficient* evidence for 

CARCINOGENICITY IN HUMANS BUT SOT IN EXPERIMENTAL AMMALSt 

Arsenic and certain arsenic compounds 
Manufacture of auramine 
Benzene 

*bis(2-cholorethyl)*2'naphthyiamine (chlornaphazine) 

Undergroud mining of hematite 
Manufacture of isopropyl alcohol (strong add process) 

Mustard gas | 

Nickel refining 

•As defined by the International Agency for Research on Cancer (S). 
tSource: (8). 
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Table $, Estimated human bladder cancei risks (cancers/) 0* ForuLAnov) for lifetime 
_sacchaiin ingestion of 0.I2G/DAV* 


Low dose extrapolation method 


Interspecie* extrapolation method 

Single-hit 

Multistage 

Multihil 

Probit 

Body surface area 

1200 

5 

0.001 

450 

wng.Ttg'day 

210 

— 

0.001 

21 

mg'kg/lifetime 

5200 

— 

0.001 

4200 


•Extrapolated from Rat Bladder Tumor Dau. Source (9J. 


Taile 6. Risk of bladder cancer among users of arttftcul 

SWEETENERS RELATIVE TO RISK AMONG NONUSERS (ESTIMATED FROM 
_CASE-CONTROL STUDIES) 


Authors 

Males 

Females 

Hoover t\ ai [10] 

0.99 

1.00 

Kessler and Gark {11] 

0.97 

1.01 


for potential toxicants, so also are they extremely limited tools for obtaining quantitative 
estimates of risk. Table 5 shows that estimates of human bladder cancer risk associated 
with saccharin, derived from a single positive experiment in laboratory rats, can differ by 
as much as six orders of magnitude, depending on the assumptions used to extrapolate 
across species and dose level. By contrast, the consistent lack of association found in six 
case-control studies of bladder cancer (see Table 6 for a sample) provide an upper bound 
on the actual level of human risk. Of course, neither human nor laboratory data can 
prove that a substance is harmless, but consistent negative findings in humans provide 
reassurance about the probable magnitude of the hazard. 

Third, human data are needed to check inferences about a putative cause for a disease 
byjnonitoring the effect of its removal. Such checks require time, due to the long tag 
between exposure onset (or termination) and disease occurrence that is characteristic of 
many chronic diseases. For example, we can only now begin to monitor the effects on U.S. 
lung cancer rates of reductions in tar and nicotine content of cigarettes and in cigarette 
use since the 1950’s. Figure 5 shows a modest but clear downward trend with year of birth 
in age-specific lung cancer death rates among young U.S. white males. Each successive 
birth cohort contains fewer men who started smoking, and among those who did, a higher 
proportion who smoked low tar cigarettes. 

Finally, human data are needed to provide a sense of perspective about the magnitude 
of various hazards to health, in order to set priorities for the expenditure of public and 



Fig. 5. Age-specific lung cancer mortality rates in United States white male cohorts. (Source [12].) 
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Fig. 6. Estimated percentage of ail incident cancers occurring by site of origin in United States 
males or females in 1985, excluding nonmelanoma skin cancer and carcinoma in situ. (Source [13].) 


private health resources so as to avoid spending disproportionate sums of money on minor 
hazards, while neglecting major ones. Figure 6 shows estimates of the percentage of all 
cancers diagnosed in the U.S. in 1985 occurring among the major sites, for men and women 
separately. Among men, cancers of the lung, large intestine and prostate account for about 
56% of all new cancers (and 57% of all cancer deaths). Among women, cancers of the 
lung, large intestine and breast comprise 52% of ajl new cancers (and 51% of all cancer 
deaths). Table 7 shows that occupational and environmental factors do not play an 
appreciable role in the etiology of these major causes of morbidity and mortality, except 
for lung cancer. Moreover, the contribution to lung cancer is dwarfed by that of tobacco, 
which has been estimated to account for 91 and 79% of lung cancer deaths among U.S. 
men and women, respectively [14], (The sum of the percentages for males exceeds 100% 
because of the multifactorial etiology of lung cancer.) To date, we have made slow' progress 
in preventing cancers of the breast, prostate, and large intestine, which are more likely to 


Table 7. Estimated percentages of the major 

SITE-SPECIFIC CANCERS ATTRIBUTABLE TO OCCU¬ 
PATIONAL AND ENVIRONMENTAL FACTORS* 



Males 

Females 

Lung 

15 

5 

Colon and rectum 

2 

I 

Prostate 

<1 

— 

Breast 

— 

0 


•Source [UJ. 


Table 8. Biological markers for environmental exposures 


Marker 

Specimen 

Methodology Refs 

Chromosome aberrations 

Blood lymphocytes. 

Autoradiography. 

(breaks, rearrangements. 

erythrocytes in bone 

phytohemagglutinin 

sister chromatid exchanges) 

marrow 

stimulation of lymphocytes 
[33.34] 

Micronuclei 

Erythrocytes in bone 
marrow 

Microscopic examination [35] 

Covalent binding to DNA 

Blood lymphocytes, tissue 
explants 

Radioactive labeling: 
immunoassays: indirect 
immunofluorescence 
microscopy (36) 

Covalent binding to cellular 
proieins 

Hemoglobin 

Chromatography [37] 

Cellular atypia 

Sputum, cervical 
epithelium 

Microscopic examination [38] 

Mutagens 

Urine, feces, cervknl 
secretions, breast flui3T~ 

Ames salmonella test [39] 

Sperm abnormalities 

Semen 

[40] 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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kill us than are the pesticides we use to attack the insects in our homes. Such a perspective 
could help to assuage fear of cancer from environmental toxicants, and to direct the 
expenditure of public funds toward more cost-effective priorities. 


III. THE IMPACT OF RISK ASSESSMENT ON EPIDEMIOLOGY 

Clearly, epidemiologic observations continue to play an indispensable role in risk 
assessment for regulatory policy, and conversely, increasingly many epidemiologic studies 
are devoted to occupationally and environmentally induced disease. Increased public 
awareness of environmental issues ( and the need for risk assessment has brought epi¬ 
demiology into courts, into homes On the evening news, and into leisure reading in the 
Sunday newspaper supplement. Thanks to such publicity, epidemiology is no longer an 
arcane word for an esoteric specialty. The need for epidemiology in risk assessment has 
brought employment opportunities and interesting scientific problems to epidemiologists. 
But it has also produced negative effects. 

Problems arise because risk assessment is not a science, but rather a complex and often 
subtle fusion of facts and values. The problems are aggravated by the prevailing 
misconception that risk assessment for toxic substances is (or should be) entirely objective 
and scientific. This misconception is illustrated by the statement of the Office of Science 
and Technology Policy, Executive Office of the President, that toxic substance regulation 
consists of two stages: Stage I (risk assessment) uses empirical data and scientific 
judgement to characterize human exposure and risk; Stage II (policy) uses social and 
political action to decide regulatory action [5]. This separatist view is echoed by the 
National Academy of Sciences Committee on the Institutional Means for Assessment of 
Risk's" to Public Health, which reported: 

“We recommend that regulatory agencies take steps to establish and 
maintain a clear conceptual distinction between assessment of risks and 
consideration of the risk management alternatives; that is, the scientific findings 
and policy judgements embodied in risk assessments should be explicitly 
distinguished from the political, economic, and technical considerations that 
influence the design and choice of regulatory strategies" [16]. 

While it is useful to call attention to the desirability of such a distinction, I believe that 
in practice it is an unrealistic and unattainable goal. Values enter toxic risk assessment in 
many covert ways. They determine the quantity and quality of informa lion obtained about 
a chemical, influence explicit and implicit assumptions used to analyze data, affect the way 
data are interpreted - , and influence the weights used to combine disparate sets of data (see 
Ref. [17] for examples). This mix of science and policy can have undesirable effects on the 
quality of epidemiologic research by compromising the design, conduct, analysis, and 
interpretation of studies. 

Adverse effects on the design and conduct of studies can occur in several ways. Political 
pressures to find quick answers to difficult questions have prompted poorly designed and 
hastily conducted investigations of possible danger from air pollutants and toxic wastes 
(e.g. Ref. [18]). The findings of such studies have been heavily criticized and the resulting 
controversies do not help the image of the field. Sometimes political pressures completely 
prevent a study. For example, an attempted county-wide investigation of the reproductive 
effects of aerial malathion spraying for the Mediterranean fruit fly was aborted because 
-the 'hospitaT'Wilh the largest proportion of births declined to participate, due to the 
inflammatory political climate at the time [19]. Conversely, political pressures have 
initiated unwarranted studies virtually doomed to be inconclusive because of low, poorly 
documented exposures and lack of focus on specific disease entities. In the words of 
Doll [7]: 

. “An epidemiological perspective starts not with the 10,000 chemicals that 
pollute a particular area, but with the 10,000 deaths that occur in that area each 
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year, and seeks to determine the major causes of those actual deaths. Such a 
perspective is much more likely to overlook a large number of small effects of 
various chemicals than laboratory science might be. but it is much less likely 
to overlook the chief determinants of current mortality rates_and trends. 

. especially if these are not simple direct effects of individual chemicals on 
molecular DNA". 

Quality control and data analysis also are complicated by the political climate 
surrounding many studies of environmentally induced disease. The possibility of subjective 
reporting bias is increased, causing greater need for exposure and outcome validation [20]. 
For subjective disease assessments such as miscarriages and asthma attacks, there ts need 
for difficult and expensive validation of negative outcomes arhoDg both exposed and 
unexposed populations. 

Political pressures have their largest impact on the interpretation of epidemiologic data. 
Pressure to provide “bottom lines” produces quantitative risk estimates with spurious 
precision, numbers that, out of context, take on a life of their own. Such numbers are 
overinterpreted by laymen who expect a study to produce unequivocal answers, and when 
it does not, who criticize epidemiology for failing to achieve aims that go beyond available 
resources or methodologic capabilities. 

Perhaps the most troubling impact of risk assessment activities concerns their side- 
effects for the epidemiologist. He has joined the ranks of psychiatrists, statisticians, and 
clinicians who take the stand as expert witnesseses in multimillion dollar lawsuits. While 
this activity helps keep bread on the table, one worries about the conflict between 
the one-sidedness of such an advocacy position and all of one’s training to strive for a 
balanced perspective in weighing the strengths and limitations of a data set and placing 
it in the broader context of other data. Apart from the monetary inducements to take a 
unilateral view, there can also be pressures from peers and employers. Espousal of 
unpopular views may cost an epidemiologist invitations to conferences,'permission by 
an employer to attend conferences [21], favorable reviews of papers, or even a job [22]. 
These hazards of course are not quite unique to the epidemiologist, but are shared by all 
those in the environmental health sciences whose work impinges on risk assessment for 
regulatory policy. 

Equally worrisome is the tendency for political and philosophical differences to 
masquerade as scientific disputes. By now we have become inured to the familiar spectacle 
of government and industry epidemiologists aligning themselves in predictable camps in 
hassles over such issues as the incidence of brain tumors in the petrochemical industry 
[23], the fraction of U.S. cancer deaths attributable to occupational exposures [24], and 
the toxic importance of lead in automobile exhaust relative to that of lead in paint [25]. 
A second manifestation of this masquerade is the overkill in critiques of completed studies 
whose results have undesirable implications for the interests of one or another faction in 
a regulatory issue. While constructive peer review is a useful process, critiques that 
exaggerate a study’s flaws and overlook its strengths for the purpose of discrediting its 
conclusions are counterproductive and a poor use of resources [26]. 

One can look back in history for more subtle and therefore perhaps more disturbing 
examples of how values influence scientific conclusions. Samuel George Morton was a 19th 
century self-styled “objective empiricist” who used his extensive collection of human skulls 
to study racial differences in cranial capacity, a putative marker for intelligence. His 
findings supported contemporary Caucasian beliefs: whites above indians, blacks at the 
bottom. Stephen Jay Gould reanalyzed Morton’s meticulously recorded raw data, and 
found a fabric of apparently unconscious manipulations in the form of errors, mis¬ 
calculations and omissions, all in favor of white supremacy [27], Gould notes that 
unconscious or dimly perceived finagling is probably endemic in science, since scientists 
are human beings rooted in political and cultural- contexts. This example serves as a 
sobering reminder that reporting and interpreting one’s data can require soul-searching, 
ruthless honesty, and courage. 
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IV. THE FUTURE 

It seems likely that public concern for environmental issues will not abate within this 
century, chat public and corporate funds will continue to support research to monitor and 
evaluate environmental and occupational hazards to health, and that epidemiology will 
continue ao play a critical role in this endeavor. It is therefore worthwhile to ask how 
regulators and epidemiologists can counteract the negative impacts of the political 
pressures endemic to regulation, and how epidemiologists and epidemiologic studies can 
provide guidance and support for the overall thrust of regulatory policy, as well as for the 
difficult decisions faced by regulators. 

One antidote for the negative side effects of politicization on epidemiologic research is 
awareness of the hybrid nature of risk assessment activities. We need to recognize that a 
neat separation of regulatory policy into matters of fact and value is illusionary, and to 
sensitize ourselves to value judgements when they occur. They will and must occur, because 
setting standards for hazards at work and in the environment is a social and political 
process. 

It is possible to abate political pressures by allocating sufficient funds, time and qualified 
personnel to the careful conduct of well designed studies, and by incorporating into the 
studies the advice of experts chosen to represent the concerns of all sides in sensitive issues. 
Recent investigations of pregnancy outcomes among women whose drinking water had 
been contaminated by a chemical leak from an underground tank at an electronics 
company provide a model for achieving such abatement. These investigations were 
conducted by the California Department of Health Services with the cooperation of 
the Santa Clara County Department of Health [32]. Before beginning the studies, the 
principal investigators formed an advisory committee of epidemiologists representing the 
interests cf industry and of the citizens. The committee had a voice in the design, the data 
collection, the analyses and the interpretation of findings. The resulting consensus report 
provided a voice of reason that cooled many tempers in the heated political dispute 
surrounding the issues. 

Epidemiologists can make their data more useful to regulators in several ways. A first 
step is good documentation. Clear, thorough and complete recording of the details and 
data that led to a study’s conclusions are needed by regulatory scientists who must use 
the conclusions to formulate policy statements for public approval. The completeness of 
recording is important. Serfiing [28] has decried the filtering of data and relevant research 
results that seem to contradict strongly held views about exposure effect, citing some 
occupational studies as examples. In 1981 the Interagency Regulatory Liaison Group 
published guidelines for documentation of epidemiologic studies [29,30], There now seems 
to be a consensus that these guidelines have been helpful in improving the clarity and 
completeness of'study reports, and that they have not been the unwelcome intrusion of 
government agencies into epidemiologic turf feared by some. 

Apart from the regulatory scientists’ need for documentation of technical details and 
raw data, there is-the layman's need for clear, nontechnical documentation of a study’s 
conclusions., with particular emphasis on the degree of precision and sources of uncertainty 
associated with the conclusions. The policy decisions for which epidemiologic evidence 
is needed concern the public, and the public must make those decisions. Informed 
decisions by laymen require exposition of the major findings of a study, as well as the 
sources and nature of uncertainty about the findings in clear English without the use of 
esoteric jargon. 

A secondL step to enhance the utility of epidemiologic data involves more even- 
handedness among epidemiologists about the strengths and weaknesses of a study, and less 
dredging for flaws with intent to discredit. It is imperative that scientists attempt to form 
a consensus about the interpretation of data, so that the courts are not forced to resolve 
technical scientific issues they are ill-equipped to handle. David L. Bazelon, Senior Court 
Judge of the U.S. Court of Appeals for the District of Columbia Court, complained that 
scientists cannot agree about the reliability of data, and that “... they disagree even more 
about the inferences to be drawn from the facts. Often, they can tell us only of ‘the risk 
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of risk’_Courts must not be expected to resolve such questions. What judge knows 

enough to understand issues on the frontiers of nuclear physics, toxicology and other 
specialities informing health and safety regulations?" [31). 

While it may be naive to think that epidemiologists can reach a consensus about 
uncertain data when millions of dollars and lives are at stake, there is no feasible alternative 
but to try to do so. The reproductive studies in Santa Clara County, and others like them, 
provide a paradigm for achieving such a consensus. 

A third step to increase the utility of epidemiologic observations for risk assessment is 
aggressive monitoring of occupationally exposed populations. This is largely a job for 
industrial epidemiologists and occupational physicians, who should keep computerized, 
annually updated and linkable medical, job and smoking histories for all current (and to 
the extent feasible, former) employees. As noted by Doll [7], this monitoring makes sense 
from the industrial point of view, since most such studies would reveal no excess risk, and 
the accumulated negative human evidence, coupled with estimates of exposure levels for 
various agents, would be useful in resisting overzealous regulation. The monitoring also 
makes sense from the worker’s point of view, because real hazards would be detected 
earlier than they otherwise might be. Finally, it makes sense for the public who would learn 
that prolonged exposure to quantified levels of many of the agents feared harmful have 
not produced observable human hazards. 

The most promising developments in the monitoring of exposed populations involve 
the use of biological exposure markers in blood, tissue, urine, feces, hair or nail samples. 
Table 8 lists several of the markers detectable and quantifiable in human specimens. Such 
markers have the potential to document exposure levels, identify and quantify unusual 
susceptibility to environmental toxicants, detect precursors of injury or organ dysfunction, 
and provide etiologically supportive biological links between exposure and disease. 
Epidemiologic studies are needed to determine how well they correlate with exposure, and 
with preclinical or clinical manifestations of disease. They are also needed to detenpine 
the marker’s reproducibility and persistence over time. Industrially exposed cohorts and 
cohorts of patients undergoing chemotherapy are ideal populations for such ‘Studies. 


CONCLUSIONS 

Epidemiology continues to play an indispensable role in risk assessment for regulatory 
purposes. Human data are needed to detect hazards missed by laboratory experiments, 
estimate exposure levels producing the highest socially acceptable risks, monitor changes 
in disease rates after the removal of putative causal agents, and provide a perspective for 
cost-effective allocation of public health resources. 

Epidemiologists can make their data even more useful for risk assessment by providing 
clear and complete documentation for other scientists, and jargon-free documentation 
for those not versed in epidemiologic methods. Equally important is data interpretation 
with more balance and less factiousness. All of these objectives would be facilitated by the 
dialogue resulting from symposia, and from postdoctoral fellowships and visiting ap¬ 
pointments allowing academic, regulatory and industrial epidemiologists to visit one 
another’s worksites. 

Occupationally exposed populations should be monitored fo.r exposure levels, morbidity 
and mortality. Biological markers in human specimens promise to afford useful indices for 
exposures and for unusual susceptibility to exposures. There is need for work to correlate 
these markers w'ith exposure history and with disease, and to establish their reproducibility, 
variability and persistence over time. 

Risk assessment is both a political and a scientific process, and politicization will 
continue to complicate the conduct of epidemiologic research on the effects of environ¬ 
mental toxicants. Some restraint of political pressures can be achieved by allocating the 
funds and time for studies of high quality, with-ongoing input from epidemiologists 
representing all interested parties. 
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1 Eiackground Information 

It is useful to bear in mind a few sobering facts about total populations at risk, and the normal 
total risk of death and of dying of cancer. For the U.S., the total population is about 240 million, 
while the annual number of deaths is about 2 million per year and the annual number of cancer 
deaths is about 400 thousand. These figures imply an annual average total risk of death of 
about 10' 2 (1 percent per year), and a lifetime risk of cancer of about 0.2 (20 percent, or 
200,000 x 1 0' 6 ), estimates you can obtain simply by dividing one figure by another. 

Of course, simply dividing one by another is not a particularly accurate way of computing such 
estimates — one should do the correct thing and take the age structure of the population into 
account, and the variation of risks with age, and so on. But even when you do precisely that, the 
average lifetime risk of cancer comes out to be about 20 to 25 percent. We can expect this 
figure to get higher as the expectation of life increases, and as other causes of death are 
eliminated (assuming — pessimistically — that most cancers cannot be eliminated). It is mainly 
the increase in expectation of life which has made cancer such a prominent cause of death in the 
(historically) recent past, because cancers tend to be diseases of old age. 

For many cancers it is found that the death rate varies as a power of age:- 

rate ~ age" 

where the exponent n is in the range 4 to 11. For such cancers, this pattern seems to hold over 
the age range from about 30 to 65. At lower ages the rates tend to be very small but almost 
independent of age (and the cancers may be completely different diseases in youngsters), while 
at higher a.ges the reported death rates are lower than would be predicted by this sort of formula 
- and in seme cases the reported death rates are actually lower for old enough groups. It is 
unclear whether these reductions in death rates in the elderly are real, or are simply due to a 
difference in the accuracy of diagnosis and reporting. It is also possible that the reduction in 
reported death rates is real, but is due to the winnowing out of the population of those who are 
susceptible to these particular cancers, leaving a core of more resistant individuals. 

The major exceptions to the power law variation of death rate with age are the cancers which are 
known to be hormonally dependent (e.g. breast cancer), or are highly curable (skin cancers), or 
in which the natural progression is altered by intervention (e.g. a high proportion of women have 
had hysterectomies by age 65, so that they cannot be at risk of uterine cancers thereafter). 

With this age variation of risk of cancer understood, we can now oversimplify again and quote a 
lifetime average annual risk for cancer, obtained simply by dividing the lifetime risk by an average 
lifetime of about 70 years. This give an average annual risk of about 2-3 x 10' 3 . Notice that we 
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are here averaging over a lifetime — the figure is not meant to imply that the risk is the same in 
each year of life — we have just seen that it varies drastically with age. 

When discussing the risks of carcinogens, the same caveats have to be borne in mind. We 
usually attempt to estimate a lifetime risk but may express this, for comparison purposes, as an 
annual average risk. For an individual exposed continuously to a carcinogen, we would expect 
that the risk of cancer increases with age in a fashion similar to the risk of other (naturally 
occurring) cancers. 

There is another reason also for quoting an annual average risk obtained by averaging over a 
lifetime. When estimating risks of carcinogens, one is often interested in the response of a 
population to exposure to the carcinogen. In this case, one should strictly (if it were possible) 
estimate what the effects at all future times would be on individuals of different ages at the times 
of exposure. The effects at all future times on the whole population would then be an average 
over the effects on all the individuals in the population (who were of different ages at the times of 
exposure. 

Thus, to obtain an estimate of the effects on a population, one implicitly performs an average 
over the age groups present in the population. If the population were stationary (and if certain 
other conditions were fulfilled) this average would be the same as an average over a lifetime. 
This explains the usefulness of a lifetime average, since one may argue that the differences 
between population and lifetime averages are small compared with other uncertainties inherent in 
all the procedures we will describe later. 

The preceding discussion must be considered only a heuristic argument for accepting a lifetime 
average as being useful. In practice, people will be exposed at different ages, and for varying 
periods, to different amounts of carcinogens. All these differences (and many more besides) will 
affect the probability of carcinogenesis for each of them. 


2 Known Human Carcinogens 

There is now good evidence that human exposure to certain materials can, under certain 
conditions, increase the rate of human cancer. The evidence comes from various types of 
epidemiological investigation (discussed in other talks in this course). In all cases, exposures to 
these materials has been high, compared with population exposures, and the population exposed 
has been small compared with the total U.S. population. The resultant risks to those exposed 
has been substantial. 

The following table indicates a few of these materials, and the types of cancer which have been 
caused in humans by exposure to them. 
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Material/Action 


Site or 
type of 
tumor 


Materiai/Action 


Site or 
type of 
tumor 


4-Amin obiphenyl 

Aurarnine manufacture 
Benzidine 

Chlomaphazine 

Cyclophosphamide 

2-Naphthylamine 

Bladder 

Arsenic (compounds) 
Asbestos 

BCME 

CCME 

Chromium (VI compounds) 
Mustard gas 

Nickel refining 

Lung 

Arsenic 

PUVA, 

Soots, Tars, Mineral oils 

Skin 

Benzene 

Myleran 

Chlormabucil 

Melphalan 

Leukemia 

DES (Ini utero) 

Vagina 

Vinyl Chloride 

Liver 


The "natural" rates for these cancers, expressed in terms of lifetime risk and annual average risk, 
are shown in the following table. 


Site or type of tumor 

Lifetime 

Risk 

Annual 

Average 


(in ABSENCE of exposure) 

Bladder 

5 x 10' 3 

7 x 10‘ 5 

Lung (Pop", ave.) 

4x 10' 2 

6 x 10 4 

Skin (deaths) 

3 x 10" 3 

4 x 10' 5 

Liver 

1 x 10’ 3 

2 x 10’ 5 

Vagina 

7 x 10' 3 

9 x 10' 5 

Leukemia 

8 x 10' 3 

1 x 10 4 
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Typically, in epidemiological studies, a relative risk of more than 2 is required in order to detect 
any effect. Thus the (epidemiologically) discoverable population average human risks are > 10' 5 
per year, or 10' 3 per lifetime, and probably much larger. For the small subgroups of the 
population usually available for study, the observable risks are generally much larger. For 
example, in the groups of workers exposed to vinyl chloride, the relative risk for angiosarcoma of 
the liver was huge, mainly because angiosarcoma of the liver is such a rare disease. Had vinyl 
chloride caused a more common tumor of the liver, it is quite likely that the association with vinyl 
chloride exposure would have been missed. In animals, vinyl chloride induces other tumors at a 
greater rate than angiosarcomas (although it also induces them), and current quantitative risk 
assessments are based on these other tumor types. 


3 Target Risks. The Necessity of Extrapolation. 

When considering the size of acceptable risks to the public at large, the usual targets are much 
smaller than the discoverable risks discussed above. Typically they will be less than ICT 6 per 
year. Note that the ERA and the FDA set targets of order ICT 6 to 10" 4 per lifetime, that is, of 
order ICT 8 to KT 6 per year. 

It must also be borne in mind that there are a large number of materials which are of potential 
interest. The Chemical Abstracts Service (CAS) has now given names to well over six million 
distinct chemicals which have been mentioned in scientific literature, and there have been various 
estimates of the number (around 50,000) of chemicals in general commercial use. 

With such numbers, it should be immediately apparent that there are just too many time, money 
and logistical constraints to directly detecting any adverse effects from such a plethora of 
materials to which humans may be exposed. Notice that a risk of 10 -6 per lifetime corresponds to 
a rate of about 3 per year in the whole U.S. population. Thus, even if the whole U.S. population 
were exposed to some material causing a risk of death of 1C 6 per lifetime, the resulting deaths 
would be statistically indistinguishable in the usual two million deaths per year (unless there were 
something extremely unusual about the deaths). 

Extrapolation is therefore essential in order to estimate the sizes of risks, and hence be in a 
position to demand that risks be reduced to the levels mentioned. The fundamental observation 
on which such extrapolation is based is that: 

HUMAN CARCINOGEN => ANIMAL CARCINOGEN 

In other words, every known material which has been shown to be a human carcinogen is also 
known to cause tumors in animals under suitable conditions. This observation is not very useful 
in itself, but what is done in order to allow risk assessments is to assume its converse: 
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ANIMAL CARCINOGEN => HUMAN CARCINOGEN 


and to work from here. This assumption is not unreasonable, in view of what is known about 
carcinogenesis — although it is something which can be argued about in specific cases. It is 
also well to be aware of the phrase emphasized — "under suitable conditions". While it may be 
true that animal carcinogens are indeed human carcinogens, the conditions of exposure of 
humans may typically be very different from the conditions under which the material is 
carcinogenic to animals. It may be that under the conditions of human exposure, the material is 
not carcinogenic in animals or humans. 


4 The Nature of Carcinogenesis. 

In what follows, it is useful to keep in mind some information about the process of 
carcinogenesis. This information has been derived from studies of humans and animals, and 
from experiments performed in vivo or in vitro. It is based partly on experimental studies, and 
partly ori theoretical ideas suggested by those studies. 

• Cancers arise from one (or more) individual cell(s) which have gone "out of control" in 
some way - the cell becomes immortal, with no limit on the number of cell divisions, and 
the usual constraints on cell division no longer apply. A cell may pass through several 
stages before reaching this state. 

• The underlying cause of such behavior is probably some effect(s) on the genetic material 
of the cell, but the exact mechanism(s) is (are) unknown. 

• The occurrence of such events appears to be a random process at some level. One 
cannot tell which individual cell or animal or person will be affected. Hence we talk about 
the PROBABILITIES of cancer - the chance that some event will occur. 

• When we feed materials to experimental animals, the probability for cancer depend on 
various factors which can be manipulated. For example, the probability varies with: 

The total AMOUNT of material (the total dose) 

The AGE at which dosing takes place 

The RATE OF APPLICATION, or the time over which dosing continues 
OTHER FACTORS (some known — stress, dietary factors,.... others unknown) 

We therefore expect, and in practice observe, DOSE-RESPONSE curves. Such 
dose-response curves are fundamental in extrapolating risks to humans. I like to draw an 
analogy to the similar problem of extrapolation which arises for acute toxicity — in both 
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cases, we have measurement difficulties at low doses, and in both cases there is some 
sort of dose-response relationship (which I deliberately leave vague for now): 
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Evidently there will be some AGE STRUCTURE to the probabilities of cancer. As 
mentioned, for many cancers in humans the death rate from cancers increases with a 
power of age. In experimental studies involving long term feeding of rodents, the same 
soil of age structure is found for the incidence of tumors. A "LIFETIME" probability thus 
depends on when you measure it — the usual practice is to assume a "standard" lifetime 
of "70 years for humans and ~2 years for rodents. 

At high enough doses (i.e. at high RESPONSES) one sees interactions between different 
materials in both animal experiments and in human data (e.g. smoking and alcohol 
consumption, smoking and radon exposure, smoking and asbestos exposure). The effect 
of such interactions is to make the effect of two or more materials different from the sum 
of the effects of the materials individually (at the same doses). 

It is not possible to make direct measurements of what happens at low doses (i.e. at 
LOW RESPONSES). In this context, low dose means a dose at which the response 
probability is < 0.1 usually, and < 0.01 certainly. Any attempt at studying lower doses 
rums up against problems of logistics, cost and the background cancer rate. 

The shape of dose-response curves assumed for the low dose regions are thus based 
ori: 

Theoretical ideas 

Prejudice 

Guesswork 
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For performing risk assessments for human safety purposes, there is naturally a prejudice 
to be conservative. 

It is generally agreed that assuming LINEARITY between dose and response (for our discussion, 
this means the lifetime probability of a cancer) at low enough doses is CONSERVATIVE. This 
assumption is made in a theoretical way — it is assumed that the true relationship between dose 
and response lies, at low enough doses, entirely below (or at worst on) a linear curve joining the 
response at zero dose (background) with the response at some higher (but still low) dose. 



Typically, the background rate is of order 10* to 10' 1 , and we are interested in excesses over the 
background of order 10* to 10* so this diagram is not to scale. It is useful to define the 
POTENCY of a carcinogen as the ratio of excess lifetime probability of cancer to the dose 
causing that excess (at low enough doses). On the diagram, this is the ratio i/d. The potency is 
thus the slope of the dose-response curve at low enough dose, and we have the basic equation: 

EXCESS RISK = POTENCY x DOSE 

There is reasonable evidence that some mechanisms of carcinogenesis result in a THRESHOLD 
— i.e. that there is some (threshold) dose below which the excess incidence of cancer is much 
lower than would be predicted by a linear extrapolation from doses above the threshold, and 
possibly that the excess incidence of cancer is literally zero below such a threshold (excess, 
here, means excess over the background occurrence of cancer). Some of the evidence for such 
mechanisms comes from observation of the dose-response curves in experimental situations — 
the experiments on saccharin provide a good example. However, there is still the possibility that 
a linear mechanism may still operate at low enough doses, and so any human risk assessment 
has to take that possibility into account. 
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5 The Standard Animal Test 

The requirements for a "standard" animal test are quite severe. The animals involved have to be 
as similar to humans as possible — in metabolism, in being omnivorous, in their sensitivity to 
chemicals, for example — yet as different as possible in their life span and cost of upkeep (so 
that we can get results in a reasonable time at a reasonable cost). In practice, there is little 
option but to use standard laboratory animals. The usual choices are rodents — rats and mice; 
with occasional tests being performed on golden hamsters or guinea pigs. Other animals (e.g. 
gerbils) have been proposed, but for now the experience built up in handling laboratory rodents is 
a strong incentive for continuing their use despite certain known disadvantages. Any change 
would now have to be done gradually, and with much cross checking with previous results. 

It is now standard to require tests to be performed in at least two species (practically always rats 
and mice) and on both sexes, in case one or the other species or sex is peculiarly resistant to 
the material under test. A compromise has to be made over the number of animals to test. It 
would be desirable to have as many as logistically possible, to increase the statistical sensitivity 
of the experiment; but as few as possible to minimize the costs of testing (since there is always 
another material to test). The current recommendation is for at least 50 per group of similarly 
treated animals. 

There is a: similar trade-off between costs and the number of dose levels to test in a given 
experiment. The current recommendation is to have at least three, preferably four or more, dose 
groups — an undosed group (the con‘ r ~ ! group), a group tested at the maximum tolerated dose 
(MTD) of the material under test, and u* third group tested at some intermediate dose (usually 
1/4 to 1/2 of the MTD). 

The MTD of a material is roughly defined to be as much as possible, but not enough to kill off the 
animals e<irly or to cause too large other overt effects (like loss of weight). The reason for using 
it in these experiments is to increase the sensitivity, on the basis that giving more of something is 
more likely to produce a response if any response if going to happen at all. The sensitivity has to 
be as high as possible, since the observable responses are of the order 10' 1 (10%) while the 
risks of interest are of order 10’® (100,000 times smaller). The alternative way of increasing 
sensitivity is to increase the number of animals tested (within reason), but this only increases 
sensitivity in proportion to the square root of the numbers tested, while increasing the dose gives 
an increase in sensitivity roughly proportional to the dose. Clearly the latter is most cost 
effective. 

Even with such a minimum design, there are: 

3 dose groups x 2 sexes x 2 species x 50 animals per group 
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giving a minimum of 600 animals per experiment. All the animals have to be carefully housed 
(under standard conditions), cared for, and individually tracked throughout their two year lifetime. 
They are then sacrificed and a large number of their tissues examined individually. None of this 
comes cheap — the cost of such an experiment is unlikely to be less than $200,000, and may 
run above $1,000,000. 

It should be noted that the type of experiment detailed here is the minimum considered 
necessary to answer a YES/NO question: Is this material carcinogenic under the conditions of 
this standard bioassay? The experimental design and analyses performed are designed to be 
unlikely to answer YES if there is no carcinogenic action present (so that the experiments have 
low alpha error), but they can easily answer NO even in the presence of carcinogenic action. 

This sort of test is exactly what is required, of course, if one is interested in identifying materials 
which are surely carcinogens; in order to study their mechanism of action for example — one 
doesn’t want to accidentally end up with a material with no carcinogenic action. 

I would submit, however, that for the purposes of protection of public health, the questions asked 
of the tests are entirely the wrong way round. For protecting public health, one should surely ask 
not whether this material is almost surely a carcinogen, but how strong a carcinogen it could be, 
given the results of the experiment. The fact that the same sort of analysis is applied now as in 
the past is perhaps a combination of accident and inertia, but one has to admit that, for the most 
part, the methodology has been largely successful so far. 


6 Raw Results - and what to do with them. 

Having spent 2 years performing the experiment described above, what output do we get? When 
the animals are sacrificed, they are dissected and a whole list of tissues examined, both 
macroscopically and microscopically. All lesions, whether related to cancer or not, are noted 
down and usually (nowadays) recorded in some sort of computer database. The pathologists 
performing the examinations usually use some sort of standardized nomenclature for what they 
observe — for example, the National Toxicology Program uses a modified version of the 
Systematized Nomenclature for Pathology (SNOP). Other information about individual animals is 
also recorded — such information as where they came from, which cages they were kept in, 
when they died (e.g. if they died naturally, or were sacrificed at the end of the experiment, or 
sacrificed earlier because they clearly would not survive), and so forth. 

The outcome is that for each animal, we have a list of the lesions affecting them when they died. 
An example of a condensed listing of just the cancer-related lesions is appended. From such 
listings, we can perform various analyses and statistical tests to see whether the rate of cancer 
was increased at any site or for any type of cancer. 
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The simplest sort of analysis can be performed if all the animals survived for the whole length of 
the experiment — and in practice the same sort of analysis is performed provided a reasonable 
fraction survived that long and provided there were not too many early deaths. In that case, we 
can simply list the dose groups and the numbers of animals with tumors compared with the total 
number of animals examined; for example: 


Dose 

Number 

with 

Tumor 

Number 

Examined 

0 (control) 

10 

50 

0.5 x MTD 

25 

50 

MTD 

30 

50 


However, things are not usually this simple. Similar results are available for 

« Many different sites r * 

• Many different tumor types 

• Combinations of these 

as will be seen in the examples to follow. To determine whether the rate of cancer has been 
increased involves comparing the proportion with tumor in the control group with the proportion 
with tumor in the dosed groups, and deciding whether there is a significant increase in any dosed 
group(s). The choice of which sites and/or types of tumors to combine before performing such 
statistical tests can be difficult. Generally, various grades of tumors (nodules, adenomas, 
carcinomas) may be combined for any given site. 

In addition to the simple numbers of animals with tumor, there is additional information available 
which may be used in more complicated cases. The date of death of each animal is recorded, 
and may l)e taken into account in time-adjusted analyses of tumor incidence and in the life-table 
tests mentioned on the appended material. 
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For risk assessment purposes, it is necessary to make various assumptions about the behavior 
of animals in experiments like these. For example, it is assumed that: 

• Animals are affected independently (a tumor in one animal has no effect on any other 
animal). 

• Animals are equally likely to be affected 

• Each animal receives the same dose 
and so forth. 

It is assumed that cage effects, littermate effects, the effects of heating, lighting, stress etc. are 
either not present, or are randomized among all the animals in such a way that there will be no 
effect on the final analysis. 

With such assumptions, the probability of an animal having a tumor is related to the dose by 
some sort of dose-response relationship, so that at any given dose this probability can be 
computed.. The observed results, a number of animals with tumor out of a larger number 
examined, is then a binomial sample with this probability. In practice, we don’t know what the 
dose-response relationship is - we wish to estimate it from the results. But we assume that we 
know the SHAPE of the dose-response relationship (specified by a mathematical formula), so that 
all that is required is to estimate some PARAMETERS in the mathematical formula. 

For example, the E.P.A. uses a dose-response relationship of the form: 

p = 1 - exp {- ( q 0 + q, d + q 2 d 2 +...+ q k _, d k ~')} 

when there are k doses in an experiment, where p is the lifetime probability of tumor at dose d. 

It is usual to use a maximum likelihood technique to estimate the various parameters q 0 , q„ q 2 ,... 
q k .„ given the observed numbers of animals with tumors and the numbers of animals examined 
at each dose. 

In cases where there is appreciable early mortality in the experiment, so that the observed 
numbers of animals with tumors are likely to be underestimates of what would have been 
observed at the end of a perfect experiment, one can make modifications to the dose response 
relationship, just as one can make life-table adjustments to standard statistical tests. One 
technique used is to modify the dose response curve to explicitly include length of life, using the 
idea that probability of tumor is likely to increase with a power of age (see page 2): 

p = 1 - exp f- ( q 0 + q, d+q 2 d z +... + q k _, d k ~') ( t/L)j 

where t is the age at death, and L is a standard lifetime. The parameter n can either be fixed at 
some reasonable value (in the range 2 to 11), or estimated from the experimental results. This 
technique suffers from the same limitations as the usual modifications to the standard statistical 
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tests — one has to introduce additional assumptions in order to apply it. In this case, one has to 
decide whether the tumors were a cause of death, or simply incidental. 

An alternative technique used when there is early mortality is to estimate the age dependence 
directly from the data, using a (so-called) non-parametric technique. This approach has been 
used to assemble a large database of comparable analyses of animal bioassays. 

This methodology has taken the raw results of the animal experiment, and summarized them in 
the form of a dose-response curve with known parameters. It is also possible to estimate how 
uncertain one is about a given parameter, using the same maximum likelihood techniques used 
to obtain point estimates of them - indeed, one can plot the uncertainty distribution for any of the 
parameters. For example, for the parameter q, (which will turn out to be the one of interest), we 
can plot the probability that q, lies below any given value: 



In particular, we can find that value q,* such that there is 95% probability that q, < q,*. 

However, it is important to note that the uncertainty distribution so plotted contains only the 
uncertainty due to the numerical size of the experiment — the uncertainty that arises because we 
used a small number of animals, instead of an infinite number. It does not include the 
uncertainties which must be present because of the shakiness of all our assumptions — i.e. the 
major uncertainties. 
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7 The Two Major Extrapolations 


The assumptions made so far have allowed us to parametrize an animal dose-response 
relationship, obtaining values for the parameters which are presumably reasonably appropriate for 
high doses. Strictly speaking, this parametrization of the dose-response curve only enables us to 
estimate the results we would expect to see at high doses in animals -the dose-response 
relationship can only be relied on to interpolate between high doses and perhaps to extrapolate a 
short distance outside the experimental range of doses. The problem now is to perform two 
extrapolations - from animals to humans, and from high dose to low dose: 



Animal 

Human 

High Dose 

Observed -»-> 

i 

..j 

)- >->)-> >-> 

i 

| 

Low Dose 

4' 

i 

4- 

i 

>>) > Required 





LOGICALLY there are two distinct routes to follow in this extrapolation, since there are logically 
two distinct dose-response curves involved (see below). One can extrapolate from high dose to 
low dose using the ANIMAL dose-response curve, and then extrapolate to humans (dashed 
lines), or extrapolate to humans at high doses and then use a HUMAN dose-response curve to 
extrapolate! to low doses. 

We have seen how to estimate the parameters of the (high dose region of) the animal 
dose-response curve. In practice, the same curve (with the same parameters) is used to 
extrapolate to low doses, by building into the mathematical structure of the dose-response curve 
all our assumptions about low dose behavior. 

How is this relevant for estimating human risk? Consider a generalized situation in which we 
wish to estimate the response (R) of humans to some dose (D) of material, when there is a 
response (r) in some experimental system at dose (d). Notice that nothing implies that r, R 
measure the same sort of response - they could be completely different (r could be acute toxicity 
to the lung of a mouse, R could be skin rashes in humans). Similarly, the dose measures d, D 
may be completely different. In the case immediately at hand, r is the lifetime probability of tumor 
in animals, and d is a dose as measured in the animal experiment. There are other cases of 
practical importance however - r might be some measure of response (such as number of 
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revertants per culture dish) in a mutagenesis bioassay, with d the dose applied to each culture 
dish. 


System —> 

Arbitrary 

Animal bioassay 
example 

Human 

Response 

r 

p (lifetime prob*. of 
tumor 

R 

Dose measure 

d 

d (as used in expt.) 

D 

Dose-response 

curve 

r = f(d; a,b,c,..,t) 

p = 1-exp{-(q 0 +q 1 d+..)} 

R = F(D; A,B,C,..,t) 


What is required is some connection between the parameters a,b,c,... of the dose-response 
relationship in the experimental system and the parameters A,B,C,... of the human dose-response 
relationship. These parameters presumably include those mentioned in Section 6, and I have 
explicitly included age amongst them. Given such a connection, the extrapolation to humans of 
the results, in the animal studies is perfectly straightforward. The problem lies in finding the 
connection. 

Once such a connection is found (by whatever means) we have the methodology for the two 
extrapolations required. Notice the difference between what is done in the two distinct pathways 
of extrapolation mentioned above: 

In the first, the shape of the dose-response curves are examined, and it is decided how they may 
be (separately) extrapolated to low doses. Then some relationship is postulated between the 
parameters of the dose-response curves at low doses (it has to be postulated, since nothing can 
be measured at such low doses). One potential advantage of this approach is that the animal 
dose-response curve could be measured, in principle and by heroic experimentation, down to 
lower response rates than usual (and this has been done in some cases) - allowing greater 
confidence in this extrapolation to low dose. 

In the second, some relation between the parameters of the dose-response curves is obtained at 
high doses (and this may be done experimentally, in principle, since at high doses the responses 
are measurable). Then it is decided how the human dose-response curve should be extrapolated 
to low doses. The advantage here is the possibility of direct comparison between species, albeit 
at high dose. 
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The difference between these two logically distinct routes of extrapolation might be important in 
some circumstances. For cancer risk assessment based on animal carcinogenesis bioassays, 
however, the distinction is glossed over (one might even say, ignored), by the practice of 
assuming the same (or very similar) mathematical form for the dose-response curve in both 
humans and animals (or more generally, in all species), and interpreting the parameters in the 
same way for both compared species. 

In the general case, however, what is required is some sort of relationship between the 
parameters of the dose-response curves: 

Animal Human 

r = f(d; a,b,c...t) R = F(D; A,B,C... T) 

We need to be able to derive the parameters A,B,C... from the values a,b,c which can be 
estimated from experiments, and then use the human dose-response curve to extrapolate to low 
doses. 

The practical approach is to seek parametrizations of the dose-response curve which result in the 
derivation of A,B,G... being simple given a,b,c... Consider the case of acute toxicity, for 
example. It is found that the shape of the dose-response curve for acute toxicity, in which the 
response! is death, is very similar for a large number of toxins and for many different species. 
There is, in this case, a threshold-type dose-response curve which can be nicely parametrized by 
two values: the dose at which 50% of the animals tested can be expected to die (under suitable 
conditions), and the slope of the dose-response curve at this dose. The first parameter is known 
as the LC) 50 (the second has no special name). 

Why is this parametrization useful? If the LD^s of various materials in one species are plotted 
against the LD^s of the same materials in another species, one finds approximate proportionality 
between them (the plot is a straight line). This can be expressed as, for example, 

LD^rabbit) is proportional to LD^mouse). 

Even more remarkable, it turns out (at least, it did for a particular group of chemicals) that if the 
dose is measured in a suitable way, as (amount)/(surface area of animal), then approximately 
we have numerical equality in the values of LD^,: 

LD 50 (rabbit) = LD^fmouse) = LD 50 (other species) 

It is this approximate equality which explains the utility of the LD^. The other parameter used in 
defining the dose-response curve, the slope of the curve at the LD^, is not involved in this 
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relationship. Had we chosen some other method of parametrization, it is quite possible the 
required interspecies relationship between parameters would be much more complicated. 


8 Inferspecies Comparison ■ Constant Relative Potency 

What is sought is a simple relationship between the parameters of dose-response relationships in 
different species. When it is assumed that the dose-response relationship includes a term linear 
in dose, there is a simple measure of the strength of a carcinogen - the carcinogenic potency 
(the slope of the dose-response curve at low dose). The simplest hypothesis is that for different 
species, the ratio of carcinogenic potencies is constant for different materials, so that if material A 
is twice as potent a carcinogen as material B in species 1, it will also be twice as potent as 
material A in species 2. This is the idea of constant relative potency, as applied to 
carcinogenesis, and it underlies the standard approaches to estimating human risks from animals. 

There is even some data which supports this idea! There have been several hundred bioassays 
performed simultaneously on rats and mice, and when the results of these are parametrized 
using a dose-response relationship which includes a linear term, we can estimate the potency in 
two species for each material tested. Plotting the potency measured in rats versus the potency 
measured in mice for each material then gives the figure shown (page 24). Notice that each 
measurement is uncertain to greater or lesser degree, due to the relatively small numbers of 
animals tested. If the idea of constant relative potency were exactly correct, these points would 
all lie on a straight line on the figure - or at least, all would lie sufficiently close to such a line that 
the measurement uncertainty bars on each point would encompass the line. From the figures, 
one can see that: 

(1) On average, potency in one species is proportional to potency in the other species. 

(2) There is a large scatter of the points around the lines of exact proportionality - a scatter 
bigger than would be expected from the measurement errors alone. 

A similar comparison can be attempted between the potencies measured in animal experiments, 
and those observed in humans (page 24). These cases have arisen in the past where humans 
have been exposed to materials before they were known to be carcinogenic. We can make use 
of other’s misfortune to estimate how potent each such material is in humans, and compare with 
estimates obtained for mice and rats in laboratory experiments. In this case, the uncertainties 
are so large that little can be quantitatively stated, although qualitatively the idea of constant 
relative potency does not seem to be disproved. A more recent and much more thorough study 
of comparisons between humans and animals has been carried out for the E.P.A. by Allen, 

Crump & Shipp and the qualitative results are similar (page 25) — although Allen et a[. do not 
quantitatively evaluate the correlation. 
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9 Interspecies comparisons - practical and theoretical 


The measure of carcinogenic potency introduced above was roughly defined as the ratio of 
(excess tumor probability)/(dose), at low enough dose. For the E.P.A. model usually used in risk 
assessments: 


p = 1 - exp {- ( q 0 +g, d + q 2 6 Z +... + q k _, d kM )} 

the corresponding measure is q t . When this dose-response relationship is used with real data, it 
is usual to use an "upper 95% confidence limit" estimate q,* of q, as the measure of potency, 
since such an estimate is always non-zero (while, for example, the maximum likelihood estimate 
is often zero). The "upper 95% confidence limit" is with respect to the numerical uncertainties of 
the experiment only, and so this estimate of potency is in no sense an upper limit with respect to 
all the other uncertainties involved. 

To compare humans with animals, the approach taken is to postulate a similar dose-response 
relationship in both cases: 

Animal Human 


P = 1 * exp{-(qo + q,d +...)} p = 1 - exp{-(Q 0 + Q,D + ..)} 

and then the constant relative potency hypothesis suggests that Q t is proportional to q t , and so 
one hopes to say that: 

Q, = constant x q,* or at least Q, < constant x q,* 

where the constant depends only on which animals species is used. We expect the constant to 
be different for different animal species - it will presumably depend on how we measure dose, on 
the relative lifespans of animal and human, on relative metabolic rates, and a whole host of other 
factors. With enough experiments, we could measure the constant in this relationship - at least 
in comparing animal with animal, rather than human with animal - and (in theory) empirically 
determine} how it varies with these factors. The figures mentioned above suggest that the 
constant is not completely constant, but that there is some sort of random uncertainty built in (or 
at least, an; uncertainty that we can treat as random), amounting to an average factor of about 5. 

If we are very lucky, it may be possible to find some way of measuring dose so that the constant 
in the above relationship is numerically equal to 1, so that the potency is equal in different 
species (up to the uncertainties) - just as it was possible to find such a measure in the case of 
the LDsq. 
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It has now become standard practice for risk assessments to assume that the constant is exactly 
unity if the dose is measured as a (daily average amount)/(surface area of animal), by analogy 
with the LDj,, case. The graphs shown on page 24 actually suggest that it would be better to 
assume an average factor of unity, with an uncertainty factor of about 5 to 7, when the dose is 
measured as a (daily average amount)/(bodyweight of animal). This assumption will probably 
change some time in the future when better information is available, or when an alternative 
theoretical framework suggests a better idea. 


10 Art example-1,2 Dibromoethane 

As an example of the procedures usually adopted, let us look at the case of 1,2-Dibromoethane. 
What follows is by now means complete, but it indicates the sort of analysis which has to be 
performed. This example is confined to analyzing just one result out of many, in a single 
bioassay (of about 5). In practice, it is essential to look at all the results. 

The bioassay I have chosen was an inhalation bioassay in the National Toxicology Program 
series. A summary of the study design for rats (the design for mice is very similar) is: 



Initial 

number of 
animals 

Concentration 

ppm 

(6 hr/d, 5 d/wk) 

Time on study (weeks) 

Exposed 

Observed 

Male Rats 

Control 

50 

0 

0 

104-106 

Low dose 

50 

10 

103 

1 

High dose 

50 

40 

88 

0-1 

Female Rats 

Control 

50 

0 

1 

104-106 

Low dose 

50 

10 

103 

1 

High dose 

50 

40 

91 

0-1 


We will look only at the results in female rats. First, their survival was not as good as might be 
desired (see graph below) in such an experiment, but the early mortality was probably largely due 
to the cancers appearing in the study, so it is acceptable - we can use (at least initially) the 
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simplest analysis based on H end-of-life H data, without having to worry too much about the age 
dependence (this should always be backed up by further analysis, of course). 
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Figure 2. Survival Curves for Rats Exposed to Air Containing 1,2-Dibromoethan§ 

Tumors were found in many tissues. A summary of those tissues where more than 5% of the 
animals in any group were found with tumors is (for female rats): 



Control 

Low 

High 

Subcutaneous tissue: fibroma 

0/50 

0/50 

3/50 

Subcutaneous tissue: fibroma or fibrosarcoma 

0/50 

0/50 

4/50 

Nasal Cavity: Carcinoma, NOS 

0/50 

0/50 

25/50 

Nasal Cavity: Squamous cell carcinoma 

1/50 

1/50 

5/50 

Nasal Cavity: Adenoma, NOS 

0/50 

11/50 

3/50 

Nasal (Cavity: Adenocarcinoma, NOS 

0/50 

20/50 

29/50 

Nasal Cavity: Adenomatous Polyp, NOS 

0/50 

5/50 

5/50 

Nasal Cavity: Papillary Adenoma 

0/50 

3/50 

0/50 

Nasal Cavity: Adenoma,NOS; Carcinoma, NOS: 
Adenocarcinoma,NOS; Papillary Adenoma 

Adenomatous polyp,NOS; and Squamous cell 

Carcinoma 

1/50 

34/50 

43/50 

Lung: AJveolar/Bronchiolar Carcinoma 

0/50 

0/48 

4/47 

Lung: Alveolar/Bronchiolar Carcinoma or Adenoma 

0/50 

0/48 

5/47 

Hematopoietic System: All leukemias 

6/50 

7/50 

1/50 
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Hematopoietic System: Monocytic leukemia 

6/50 

5/50 

1/50 

Circulatory System: Hemangiosarcoma 

0/50 

0/50 

5/50 

Circulatory System: Hemangiosarcoma or 
Hemangiosarcoma, invasive 

0/50 

0/50 

5/50 

Liver: Neoplastic nodule 

2/50 

0/49 

3/48 

Liver: Hepatocellular carcinoma 

0/50 

1/49 

3/48 

Liver: Neoplastic nodule or Hepatocellular carcinoma 

2/50 

1/49 

5/48 

Pituitary: Adenoma, NOS 

1/50 

18/49 

4/45 

Pituitaiy: Chromophobe adenoma 

20/50 

0/49 

0/45 

Adrenal: Pheochromxytoma 

3/50 

1/49 

0/47 

Thyroid: C-cell Carcinoma 

1/49 

3/48 

1/45 

Mammary Gland: Adenocarcinoma,NOS 

1/50 

0/50 

4/50 

Mammaiy Gland: Fibroadenoma 

4/50 

29/50 

24/50 


Notice especially the various groupings which are employed - this is a matter of judgement. It is 
clear that the major effect is in the nasal cavity, but observe also the effect on fibroadenomas in 
the mammary gland, and the negative trend seen in the pituitary. Such negative trends are 
generally Ignored. Further analysis, taking account of the age at death, might show such a 
negative trend is an artifact caused by the early deaths in the dosed groups, but here the result 
in the low dose group suggests that the effect is real. 

Using the combined results in the nasal cavity, we fit the E.P.A. multistage model and find best 
estimates of: 


Cfo = 2.699 x 10' 2 ; q, = 6.876 x 10' 2 ; = 0; 

and obtain an upper confidence limit for q, of q,* = 8.6 x 10' 2 , in each case using as doses the 
values 0,10 and 40 ppm from the experimental design. In fact, the earlier figure of a distribution 
of values for q, is taken from this example - you can read the probability of q, being less than 
any given value from that figure. What this means is that the linear term in the relation between 
risk and dose is probably less than 8.6 x 10' 2 per ppm (under the conditions of the experiment). 

Now what do we do with this estimate? That depends on the application, but we will assume that 
we wish to make a "UNIT RISK" estimate for humans from it — that is, estimate an upper bound 
lifetime risk to a human exposed to 1 jig/m 3 of dibromoethane for life. 
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There are several extrapolations required. First, the animals were dosed for a lifetime, but not 
continuously. Correcting for continuous exposure introduces a factor of 7/5 x 24/6 (for 
days/week and hours/day) — but notice the subtle assumptions being made here, that it is 
average exposure that matters (and not peak exposure, for example). 

Now we estimate that a female rat will suffer and increased lifetime risk of less than 
7/5 x 24/6 x 8.6 x 10' 2 = 0.48 per ppm in the air (we assume that we are talking about such low 
doses that the excess risk is small). 1 ppm for 1,2-dibromoethane corresponds to about 7.6 
mg/m3 (one would estimate a little higher from the perfect gas laws), or 7600 |ig/m3, so that the 
increased lifetime risk to a female rat exposed continuously to 1 jj.g/m3 is less than about 
0.48/7600 = 6.3 x 10' 5 . 

What about humans? We saw before that the assumption made was that humans are just as 
sensitive as animals - i.e. they suffer equal lifetime risks - if exposed at doses which are equal 
on an (amount)/(surface area) basis. Now it turns out that, approximately, equal concentrations 
in air lead to exposures which are equivalent on this basis, provided the species under 
consideration absorb about the same amount from the air they breathe. Thus the extrapolation 
to humans is simple in this case -one simply takes the same value for humans - a "UNIT RISK" 
of less than about 6.3 x 10' 5 (i.e. this is our overestimate for the lifetime risk from continuous 
exposure to 1 |ig/m3 of dibromoethane in the air). 

It may be desired to estimate from this the effect on humans of ingestion of dibromoethane. In 
this case there are actually other bioassays in which dibromoethane was fed to animals under 
various conditions, but suppose that we have to make some estimate from the inhalation data. 
The "standard" human inhales, on average, about 20 m 3 of air per day, and so inhales about 
20 |ig/day of contaminant from air contaminated with 1 (ig/m 3 . If we assume that 100% of this 
contaminant is absorbed, the human’s daily dose is 20 jig/day, or about 20/70 jig/kg-day (as a 
fraction of bodyweight), or 2.9 x 10 4 mg/kg-day in the conventional units used. This results in a 
risk of about 6.3 x 10' 5 , as detailed above, so that the potency is just the ratio of these — 0.22 
(mg/kg-day)' 1 . 

These short outline calculations have made several assumptions which require examination in 
any particular case. We have not looked at all the bioassay results, so one cannot expect that 
the numbers obtained here will correspond with what anybody else, who has done a more 
thorough job, will obtain — they are placed here in order to show in outline what is done. In 
practice, one has to decide that the tumor site and type combinations are appropriate for 
combination in the animal species. That these tumors are relevant end points for estimating the 
probable effects on humans. That the route of administration, and method of administration are 
reasonable to produce results that may be extrapolated to humans. And a myriad of other details 
which have only been lightly touched upon, or completely omitted, in this sketch. 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (Continued) 



Vehicle 

Control 

500 

mg/kg 

1,000 

mg/kg 

Circulatory System: Hemangiosarcoma 

Overall Rates (a) 

4/50 (89c) 

3/49 (69?) 

1/50 (29c) 

Adjusted Rates (b) 

10.19? 

8.89c 

2.69/ 

Terminal Rates (c) 

3/38 (89c) 

2/33 (69?) 

1/39 (39c) 

Life Table Tests (d) 

P=0.I30N 

P=0.559N 

P=0.I69N 

Incidental Tumor Tests (d) 

P=0.097N 

P=0.408\ 

P=0.176N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.134N 

P=0.512N 

P=0.181N 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 4/50 (89c) 

4/49 (89?) 

1/50 (29/) 

Adjusted Rates (b) 

10.19? 

11.89? 

2.69 c 

Terminal Rates (c) 

3/38 mu 

3/33 (99c) 

1/39 (39/) 

Life Table Tests (d) 

P=0.I42N 

P=0.579 

P=0.169N 

Incidental Tumor Tests (d) 

P=0.!10N 

P=0.573N 

P=0.176N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.147N 

P=0.631 

P=0.181N 

Liver: Adenoma 

Overall Rates (a) 

0/50 (0%) 

5:49 (109?) 

13, 50 (269/) 

A(ijusted Rates (b) 

0.09/ 

13.09c 

33.39c 

Terminal Rates (c) 

0/38 (09c) 

3/33 (99c) 

13/39 (339c) 

Life Table Tests (d) 

P<0.001 

P=0.030 

P<0.001 

incidental Tumor Tests (d) 

P<0.001 

P=0.023 

P<0.00! 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P<0.001 

P=0.027 

P<0.001 

Liver: Carcinoma 

Overall Rates (a) 

10,50 (209/) 

14.49 (299c) 

12 50 (249/) 

Adjusted Rates (b) * 

24.39? 

35.99? 

25.89/ 

Terminal Rates (c) 

7/38 (1890 

9 33 (279 i) 

5 39 (13(7) 

Life Table Tests (d) 

P=0.427 

P=0.183 

P=0.463 

Incidental Tumor Tests (d) 

P=0.536 

P=0.379 

P=0.548N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.363 

P=0.224 

P=0.405 

Liver: Adenoma or Carcinoma 

Overall Rates (a) 

10 50 (209?) 

18 49 (379?) 

23 50 (4697) 

Adjusted Rates (h) 

24.39c 

45.19? 

49.89/ 

Terminal Rates (cj 

7 38 (189c) 

12 33 (369?) 

16 39 (419/) 

Life Table Tests (d) 

P=0.013 

P=0.042 

P=0.0I4 

Incidental Tumor Tests (d) 

P=0.009 

P=0.098 

P=0.0I9 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.004 

P=0.052 

P=0.005 

Forestomach: Squamous Cell Papilloma 
Overall Rates (a) 

3 49(690 

3 48 (69/) 

9 49 (189/) 

Adjusted Rates (b) 

7.99c 

9.1'7 

23.197 

Terminal Rates (c) 

3 38 (89c) 

v 3 33 (99 l) 

9 39 (2397) 

Life Table Tests (d) 

P=0.038 

P=0.597 

P=0.065 

Incidental Tumor Tests (d) 

P=0.038 

P=0.597 

P=0.065 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.034 

P=0.651 

P=0.060 
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TABLE B3 


INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF BENZYL ACETATE 

HIGH DOSE 


AHlMAL1 0 1 Cl 41 or 01 01 01 01 0 01 Of 0 1 C r 0 1 0 1 Q 01 o! 01 0101 01 

NUMBER I 21 21 21 21 31 31 31 3| 31 31 3 31 3| 31 4 <5 <14 M 41 41 4| 4| 4| 51 

•mtrm - 1 il II .11 II ft il ft - iHl II \\ \\ ft 1] ft ft il ft }| ft ft ft ft ft tlf& s 

STUDY I 91 Of 0| Cl 01 Cl 01 2| Of 9| 01 01 Of 0| Of 0 7| C 2| 01 01 Ol 0| C| 01 TUK3RS 


LUNGS AND BRONCHI (4 4 4 4 4 

HEPATOCELLULAR CARCINOMA, METAS I 
AIVE01AS/8R0NCHI0LAR ADENOMA | 

ALVEOLAR/IRONCHIOLAR CARCINOMA I__ 


SPLEEN 

HEHANGIOSARCOMA 


j 4 4 4 4 4 


44444444 


SALIVARY GLAND 
LIVER 

NEOPLASM, NOS 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 


GALLILAODER « COMMON SUE DUCT._ 


stomach 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 


$>UU INTESTINE 


KIDNEY 

TUBULAR-CELL ADENOMA 
TUBULAR-CELL ADENOCARCINOMA 


|4 4 4 4 4 


URINARY BLADDER 


ADRENAL 

GANGLIONEUROMA 


PANCREATIC ISLETS 
ISLET-CELL ADENOMA 


4444444444-4 


4 4 4 4 4 4 4 



INNNHNHNNNNHNNHNHKNHNNNNNNI 501 


HEPATOCELLULAR CARCINOMA, METAS I 


I I 

MULTIPLE ORGANS NOS NHHNHNNNNNNNNNNHNHNNNNNNNJ 5C* 

HEPATOCELLULAR CARCINOMA, METAS I j 1 

MALIGNANT LYMPHOMA, NOS | | 1 


X ANIMALS NECROPSIES 

TISSUE EXAMINED MICROSCOPICALLY > HO TISSUE INFORMATION SUBMITTED 

-i REQUIRED TISSUE NOT EXAMINED MICROSCOPICALLY C« NECROPSY. NO HISTOLOGY DUE TO PROTOCOL 

X« TUMOR INCIDENCE A • AUTOLYSIS 

Ns NECROPSY. NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION «: ANIMAL HISSING 

s* ANIMAL HIS-SEXEO »s HO NECROPSY PERFORMED 
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Male Rats 



Control 

Low 

High 

Lung: alveolar/bronchiolar adenoma or carcinoma 

1/20 

3/50 

0/50 

Pituitary: chromophobe adenoma 

Adrenal: pheochromocytoma or pheochromocytoma, 

0/18 

2/43 

2/49 

malignant 

2/20 

2/50 

2/50 

Thyroid: C-cell carcinoma 

0/16 

0/38 

2/43 

Thyroid: C-cell adenoma or carcinoma 

2/16 

3/38 

2/43 

Preputial gland: adenoma or carcinoma, NOS 

2/20 

1/50 

4/50 

Testis: interstitial-cell tumor 

13/20 

46/50 

47/50 


Female Rats 

Lung: alveclar/bronchiolar adenoma 
Hematopoietic System: leukemia 
Pituitary: chromophobe adenoma 
Pituitary: chromophobe adenoma or carcinoma 
Thyroid: G-cell carcinoma 
Thyroid: C-cell adenoma or carcinoma 
Mammary Gland: fibroadenoma 
Uterus: leiomyosarcoma 
Uterus: endometrial stromal polyp 
Uterus/Endometrium: adenxarcinoma, NOS 
Mesentery: lipoma 

Male mice 

Lung: alveolar/bronchiolar carcinoma 

Lung: alveolar/bronchiolar adenoma or carcinoma 

Hematopoietic System: lymphoma or leukemia 

Liver: hepatocellular carcinoma 

Liver: hepatocellular adenoma or carcinoma 


Female mice 


Lung: alveolar/bronchiolar carcinoma 

1/20 

4/39 

2/48 

Lung: alveolar/bronchiolar adenoma or carcinoma 

1/20 

8/39 

10/48 

Hematopoietic system: all neoplasms 

Hematopoietic system: malignant lymphoma, lymphocytic 

5/20 

16/41 

14/48 

leukemia, or leukemia, NOS 

5/20 

14/41 

13/48 

All sites: hemangioma 

0/20 

4/41 

0/48 

Liver: hepatocellular carcinoma 

0/20 

3/40 

0/48 

Liver: hepatocellular adenoma or carcinoma 

1/20 

4/40 

0/48 

Pituitary: chromophobe adenoma 

2/14 

1/19 

0/14 

Uterus: endometrial stromal polyp 

0/20 

3/37 

0/45 

Peritoneum: lipoma 

2/20 

0/41 

0/48 

Mesentery: lipoma 

2/20 

1/41 

0/48 • 
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2/14 

9/50 

12/46 

4/14 

15/50 

18/46 

2/14 

6/50 

11/46 

0/14 

7/50 

13/46 

1/14 

9/50 

14/46 


0/20 

0/50 

4/48 

0/20 

4/50 

1/50 

0/19 

3/45 

0/43 

3/19 

10/45 

8/43 

2/15 

1/38 

0/44 

4/15 ' 

3/38 

2/44 

3/20 

9/50 

2/50 

0/19 

1/50 

3/50 

0/19 

6/50 

4/50 

0/19 

5/50 

3/50 

0/20 

0/50 

2/50 
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Risk Analysis in Environmental and Occupational Health 

September 1, 1987 

Uncertainties in Predicting Human Risks 
Edmund Crouch 


1. Background Information 

It is useful to bear in mind a few sobering facts about total 
populations at risk, and the normal total risk of death and of dying of 
cancer. For the U.S., the total population is about 240 million, while 
the annual number of deaths is about 2 million per year and the annual 
number of cancer deaths is about 400 thousand. These figures imply an 
annual average total risk of death of about 10" ^ (1 percent per year), 
and a lifetime risk of cancer of about 0.2 (20 percent, or 
200,000 x 10’^), estimates you can obtain simply by dividing one figure 
by another. 

Of course, simply dividing one by another is not a particularly 
accurate way of computing such estimates -- one should do the correct 
thing and take the age structure of the population into account, and the 
variation of risks with age, and so on. But even when you do precisely 
that, the average lifetime risk of cancer comes out to be about 20 to 25 
percent. We can expect this figure to get higher as the expectation of 
life increases, and as other causes of death are eliminated (assuming 
pessimistically --that most cancers cannot be eliminated). It is mainly 
the increase in expectation of life which has made cancer such a 
prominent cause of death in the (historically) recent past, because 
cancers tend to be diseases of old age. 

For many cancers it is found that the death rate varies as a power 
of age:- 

rate - age 11 

where the exponent n is in the range 4 to 11. For such cancers, this 
pattern seems to hold over the age range from about 30 to 65. At lower 
ages the rates tend to. be very small but almost independent of age (and 
the cancers may be completely different diseases in youngsters), while 
at higher ages the reported death rates are lower than would be 
predicted by this sort of formula - and in some cases the reported death 
rates are actually lower for old enough groups. It is unclear whether 
these reductions in death rates in the elderly are real, or are simply 
due to a difference in the accuracy of diagnosis and reporting. It is 
also possible that the reduction in reported death rates is real, but is 
due to the winnowing out of the population of those who are susceptible 
to these particular cancers, leaving a core of more resistant 
individuals. 

The major exceptions to the power law variation of death rate with 
age are the cancers which are known to be hormonally dependent ( e.g. 
breast: cancer), or are highly curable ( skin cancers ), or in which the 
natural progression is altered by intervention ( e.g. a high proportion 
of women have had hysterectomies by age 65, so that they cannot be at 
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risk of uterine cancers thereafter). 

With this age variation of risk of cancer understood, we can now 
oversimplify again and quote a lifetime average annual risk for cancer, 
obtained simply by dividing the lifetime risk by an average lifetime of 
about 70 years. This give an average annual risk of about 2 - 3 x 10“^. 
Notice that we' are here averaging over a lifetime -- the figure is not 
meant to imply that the risk is the same in each year of life --we have 
just seen that it varies drastically with age. 

When discussing the risks of carcinogens, the same caveats have to 
be borne in mind. We usually attempt to estimate a lifetime risk, but 
may express this, for comparison purposes, as an annual average risk. 

For an individual exposed continuously to a carcinogen, we would expect 
that: the risk of cancer increases with age in a fashion similar to the 
risk of other (naturally occurring) cancers. 

There is another reason also for quoting an annual average risk 
obtained by averaging over a lifetime. When estimating risks of 
carcinogens, one is often interested in the response of a population to 
exposure to the carcinogen. In this case, one should strictly (if it 
were possible) estimate what the effects at all future times would be on 
individuals of different ages at the times of exposure. The effects at 
all future times on the whole population would then be an average over 
the effects on all the.individuals in the population (who were of 
different ages at the times of exposure. 

Thus, to obtain an estimate of the effects on a population, one 
implicitly performs an average over the age groups present In the 
population. If the population were stationary (and if certain other 
conditions were fulfilled) this average would be the same as an average 
over a lifetime. This explains the usefulness of a lifetime average, 
since one may argue that the differences between population and lifetime 
averages are small compared with other uncertainties inherent in all the 
procedures we will describe later. 

The preceding discussion must be considered only a heuristic 
argument for accepting a lifetime average as being useful. In practice, 
people will be exposed at different ages, and for varying periods, to 
different amounts of carcinogens. All these differences (and many more 
besides) will affect the probability of carcinogenesis for each of them. 


2. Known Human Carcinogens 

There Is now good evidence that human exposure to certain materials 
can., under certain conditions, increase the rate of human cancer. The 
evidence comes from various types of epidemiological investigation 
(discussed in other talks in this course). In all cases, exposures to 
these materials has been high, compared with population exposures, and 
the population exposed has been small compared with the total U.S. 
population. The resultant risks to those exposed has been substantial. 

The following table indicates a few of these materials, and the 
types of cancer which have been caused in humans by exposure to them. 

- 2 - 
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Also shown are the "natural” rates for such cancers, expressed In terms 
of lifetime risk and annual average risk. 

Material/Action Site Lifetime Annual 

or Risk Average 

Type Risk 

(In absence of exposures) 


4-Aminobipheny1 
Auramine manufacture 

Benzidine Bladder 5 x 10‘ 3 7 x 1CT 5 

Ch1ornaphazine 
Cyclophosphamide 
2-Naphthylamine 

Arsenic (compounds) 

Asbestos 

BCME 


CCME 

Lung 

4 X 1CT 2 6 X 10~ 4 

Chromium (VI compounds) 


(Pop n . ave.) 

Mustard gas 



Nickel refining 



Arsenic 



PUVA 

Skin 

3 x 10' 3 4 x 10' 5 

Soots, Tars, 


(Deaths!) 

Mineral oils 



Vinyl chloride 

Liver 

1 X 10' 3 2 X icr 5 

DES (In Utero) 

Vagina 

7 x 10' 3 9 x 10' 5 


Benzene 

Myleran 

Chlorambucil Leukemia 8 x 10'^ lx 10“^ 

Melphalan 

Typically, in epidemiological studies, a relative risk of >2 is 
required in order to detect any effect. Thus the (epidemiologically) 
discoverable population average human risks are > 10per year, or 
10'^ per lifetime, and probably much larger. For the small subgroups of 
the population usually available for study, the observable risks are 
generally much larger. 


3. Target Risks. The Necessity of Extrapolation. 

When considering the size of acceptable risks to the public at 
large, the usual targets are much smaller than the discoverable risks 
discussed above. Typically they will be of order < 10per year. Note 
that the EPA and the FDA set targets of order 10per lifetime, that 
Is, of order 10~® per year. 

It must also be borne in mind that there are a large number of 
materials which are of potential interest. The Chemical Abstracts 
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Service (CAS) has now given names to well over six million distinct 
chemicals which have been mentioned in scientific literature, and there 
have been various estimates of the number (around 50,000) of chemicals 
in general commercial use. 

With such numbers, it should be immediately apparent that there are 
just too many time, money and logistical constraints to directly 
detecting any adverse effects from such a plethora of materials to which 
humans may be exposed. Notice that a risk of 10'^ v per lifetime 
corresponds to a rate of about 3 per year in the whole U.S. population. 
Thus, even if the whole U.S. population were exposed to some material 
causing a risk of death of 10“^ per lifetime, the resulting deaths would 
be statistically indistinguishable in the usual two million deaths per 
year (unless there were something extremely unusual about the deaths). 

Extrapolation is therefore essential in order to estimate the sizes 
of risks, and hence be in a position to demand that risks be reduced to 
the levels mentioned. The fundamental observation on which such 
extrapolation is based is that: 

HUMAN CARCINOGEN -->implies--> ANIMAL CARCINOGEN 

In other words, every known material which has been shown to be a 
human carcinogen is also known to cause tumors in animals under suitable 
conditions. The only current possible exception to this is arsenic, but 
it is quite plausible that this is simply because it has not been tested 
adequately. 

This observation is not very useful in itself, but what is done in 
order to allow risk assessments is to assume its converse: 

ANIMAL CARCINOGEN -->implies--> HUMAN CARCINOGEN 

and t:o work from here. This assumption is not unreasonable, in view of 
what is known about carcinogenesis - although it is something which can 
be argued about in specific cases. 


4. The Nature of Carcinogenesis. 

In what follows, it is useful to keep in mind some information about 
the process of carcinogenesis. This information has been derived from 
studies of humans and animals, and from experiments performed in vivo 
or in vitro. It is based partly on experimental studies, and partly on 
theoretical ideas suggested by those studies. 

(a.) Cancers arise from one (or more) individual cell(s) which have 
gone M out of control” in some way - the cell becomes immortal, with no 
limit on the number of cell divisions, and the usual constraints on cell 
division no longer apply. A cell may pass through several stages before 
reaching this state. 

(b.) The underlying cause of such behavior is probably some 
effect(s) on the genetic material of the cell, but the exact 
mechanism(s) is (are) unknown. 
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(c.) The occurrence of such events appears to be a random process at 
some level. One cannot tell which individual cell or animal or person 
will be affected. Hence we talk about the PROBABILITIES of cancer - the 
chance that some event will occur. 

(d.) When we feed materials to experimental animals, these 
probabilities depend on various factors which can be manipulated. For 
example, they vary with: 

The total AMOUNT of material (the total dose) 

The AGE at which dosing takes place 

The RATE OF APPLICATION, or the time over which dosing continues 
OTHER FACTORS (some known -- stress, dietary factors, ..., 
others unknown) 

We therefore expect, and in practice observe, DOSE-RESPONSE curves. 
Such dose-response curves are fundamental in extrapolating risks to 
humans. I like to draw an analogy to the similar problem of 
extrapolation which arises for acute toxicity --in both cases, we have 
measurement difficulties at low doses, and in both cases there is some 
sort of dose-response relationship (which I deliberately leave vague for 
now) : 




(©,) Evidently there will be some AGE STRUCTURE to the probabilities 
of cancer. As mentioned, for many cancers in humans the death rate from 
cancers increases with a power of age. In experimental studies involving 
long term feeding of rodents, the same sort of age structure is found 
for the incidence of tumors. A "LIFETIME" probability thus depends on 
how you. measure it - the usual practice is to assume a "standard" 
lifetime of -70 years for humans and -2 years for rodents. 

(f.) At high enough doses ( i.e.. at high RESPONSES one sees 
interactions between different materials in both animal experiments and 
in human data ( e.g. smoking and alcohol consumption, smoking and radon 
exposure, smoking and asbestos exposure). The effect of such 
interactions is to make the effect of two or more materials different 
from the sum of the effects of the materials individually (at the same 
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doses) . 


(g.) It is not possible to make direct measurements of what happens 
at low doses ( i.e. at LOW RESPONSES ). In this context, low dose 
means a dose at which the response probability is <0.1 usually, and < 
0.01 certainly. Any attempt at studying lower doses runs up against 
problems of logistics, cost and the background cancer rate. 

(h.) The shape of dose-response curves assumed for the low dose 
regions are thus based on: 

Theoretical ideas 

Prejudice 

Guesswork 

For performing risk assessments for human safety purposes, there is 
naturally a prejudice to be conservative. 


It is generally agreed that assuming LINEARITY between dose and 
response (for our discussion, this means the lifetime probability of a 
cancer) at low enough doses is CONSERVATIVE. This assumption is made in 
a theoretical way -- it is assumed that the true relationship between 
dose and response lies, at low enough doses, entirely below (or at worst 
on) a linear curve joining the response at zero dose (background) with 
the response at some higher (but still low) dose. 



Typically, the background rate is of order 10’^ to 10~^*, and we are 
interested in excesses over the background of order 10to 10“^, so 
this diagram is not to scale. It is useful to define the POTENCY of a 
carcinogen as the ratio of excess lifetime probability of cancer to the 
dose causing that excess (at low enough doses). On the diagram, this is 
the ratio i/d. The potency Is thus the slope of the dose-response curve 
at low enough dose, and we have the basic equation: 


EXCESS RISK - POTENCY x DOSE 


There Is reasonable evidence that some mechanisms of carcinogenesis 
result: in a THRESHOLD -- i.e. that there is some (threshold) dose below 
which the excess incidence of cancer is much lower than would be 
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predicted by a linear extrapolation from doses above the threshold, and 
possibly that the excess incidence of cancer is literally zero below 
such a threshold ( excess, here, means excess over the background 
occurrence of cancer). Some of the evidence for such mechanisms comes 
from observation of the dose-response curves in experimental situations 
-- the experiments on saccharin provide a good example. However, there 
is s-till the possibility that a linear mechanism may still operate at 
low enough doses, and so any human risk assessment has to take tihat 
possibility into account. 


5. The Standard Animal Test. 


The requirements for a "standard" animal test are quite severe. The 
animals involved have to be as similar to humans as possible -- in 
metabolism, in being omnivorous, in their sensitivity to chemicals, for 
example -- yet as different as possible in their life span and cost of 
upkeep (so that we can get results in a reasonable time at a reasonable 
cost). In practice, there is little option but to use standard 
laboratory animals. The usual choices are rodents -- rats and mice; with 
occasional tests being performed on golden hamsters or guinea pigs. 

Other animals (e.g. gerbils) have been proposed, but for now the 
experience built up in handling laboratory rodents is a strong incentive 
for continuing their use despite certain known disadvantages. Any change 
would now have to be done gradually, and with much cross checking with 
previous results. 


It is now standard to require tests to be performed in at least two 
species (practically always rats and mice) and on both sexes, in case 
one or the other species or sex is peculiarly resistant to the material 
under test. A compromise has to be made over the number of animals to 
test. It would be desirable to have as many as logistically possible, to 
incretase the statistical sensitivity of the experiment; but as few as 
possible to minimize the costs of testing (since there is always another 
material to test). The current recommendation is for at least 50 per 
group of similarly treated animals. 

There is a similar trade-off between costs and the number of dose 
levels to test in a given experiment. The current recommendation is to 
have; at least three dose groups --an undosed group (the control group), 
a group tested at the maximum tolerated dose (MTD) of the material under 
test, and the third group tested at some intermediate dose (usually 1/4 
to 1/2 of the MTD). 


The MTD of a material Is roughly defined to be as much as possible, 
but not enough to kill off the animals early or to cause too large other 
overt effects (like loss of weight). The reason for using it in these 
experiments is to Increase the sensitivity, on the basis that giving 
more of something is more likely to produce a response if any response 
if going to happen at all. The sensitivity has to be as high as 
possible, since the observable responses are of the order 10’^ (10%) 
while the risks of interest are of order 10"^ (100,000 times smaller). 

The alternative way of increasing sensitivity is to increase the number 
of animals tested (within reason), but this only increases sensitivity 
in proportion to the square root of the numbers tested, while increasing 
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the dose gives an increase in sensitivity roughly proportional to the 
dose. Clearly the latter is most cost effective. 

Even with such a minimum design, there are: 

3 dose groups x 2 sexes x 2 species x 50 animals per group ‘ 

giving a minimum of 600 animals per experiment. All the animals have to 
be carefully housed (under standard conditions), cared for, and 
individually tracked throughout their two year lifetime. They are then 
sacrificed and a large number of their tissues examined individually. 
None* of this comes cheap -- the cost of such an experiment is unlikely 
to be less than $200,000, and may run above $1,000,000. 

It should be noted that the type of experiment detailed here is the 
minimum considered necessary to answer a YES/NO question: Is this 
material carcinogenic under the conditions of this standard bioassay? 

The experimental design and analyses performed are designed to be 
unlikely to answer YES if there is no carcinogenic action present (so 
that the experiments have low alpha error) , but they can easily answer 
NO even in the presenceiof carcinogenic action. This sort of test is 
exactly what is required, of course, if one is interested in identifying 
materials which are surely carcinogens; in order to study their 
mechanism of action for example -- one doesn't want to accidentally end 
up with a material with no carcinogenic action. 

I would submit, however, that for the purposes of protection of 
public health, the questions asked of the tests are entirely the wrong 
way round. For protecting public health, one should surely ask not 
whether this material is almost surely a carcinogen, but how strong a 
carcinogen it could be, given the results of the experiment. The fact 
that the same sort of analysis is applied now as in the past is perhaps 
a combination of accident and inertia, but one has to admit that, for 
the most part, the methodology has been largely successful so far. 


6. Raw Results - and what to do with them. 

Having spent 2 years performing the experiment described above, what 
output do we get? When the animals are sacrificed, they are dissected 
and a whole list of tissues examined, both macroscopically and 
microscopically. All lesions, whether related to cancer or not, are 
noted .down and usually (nowadays) recorded in some sort of computer 
database. The pathologists performing the examinations usually use some 
sort of standardized nomenclature for what they observe -- for example, 
the National Toxicology Program uses a modified version of the 
Systematized Nomenclature for Pathology (SNOP). Other information about 
individual animals is also recorded -» such information as where they 
came from, which cages; they were kept in, when they died ( e.g. if they 
died naturally, or were sacrificed at the end of the experiment, or 
sacrificed earlier because they clearly would not survive), and so 
forth. 

The outcome is that for each animal, we have a list of the lesions 
affecting them when they died. An example of a condensed listing of just 
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the cancer-related lesions is appended. From such listings, we can 
perform various analyses and statistical tests to see whether the rate 
of cancer was increased at any site or for any type of cancer. 

The simplest sort of analysis can be performed if all the animals 
survived for the whole length of the experiment -- and in practice the 
same sort of analysis is performed provided a reasonable fraction 
survived that long and provided there were not too many early deaths. In 
that case, we can simply list the dose groups and the numbers of animals 
with tumors compared with the total number of animals examined; 


Dose Number Number 

with Examined 

Tumor 


0 (control) 10 50 

0.5 MTD 25 50 for example 

MTD 30 50 

Howetver, things are not this simple. Similar results are available for 

o Many different sites ( See below ) 

o Many different tumor types ( for examples ) 

o Combinations of these 

To determine whether the rate of cancer has been increased involves 
comparing the proportion with tumor in the control group with the 
proportion with tumor in the dosed groups, and deciding whether there is 
a significant increase in any dosed group(s). The choice of which sites 
and/or types of tumors to combine before performing such statistical 
tests can be difficult. Generally, various grades of tumors (nodules, 
adenomas, carcinomas) may be combined for any given site. Table 2 gives 
an example of the sort of combination and testing which is performed. 

In addition to the simple numbers of animals with tumor, there is 
additional information available which may be used in more complicated 
cases. The date of death of each animal is recorded, and may be taken 
into account in time-adjusted analyses of tumor Incidence and in the 
life-table tests mentioned on the appended material. 

For risk assessment purposes, It is necessary to make various 
assumptions about the behavior of animals in experiments like these. For 
example, it is assumed that: 

o Animals are affected independently (a tumor in one animal has no 
effect on any other animal). 
o Animals are equally likely to be affected 
o Each animal receives the same dose 


It is assumed that cage effects, littermate effects, the effects of 
heating, lighting, stress etc. are either not present, or are randomized 
among all the animals in such a way that there will be no effect on the 
final analysis. 

With such assumptions, the probability of an animal having a tumor 
is related to the dose by some sort of dose-response relationship, so 
that at any given dose this probability can be computed. The observed 
results, a number of animals with tumor out of a larger number examined, 
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is then a binomial sample with this probability. In practice, we don't 
know what the dose-response relationship is - we wish to estimate it 
from the results. But we assume that we know the SHAPE of the 
dose-response relationship (specified by a mathematical formula), so 
that all that is required is to estimate some PARAMETERS in the 
mathematical formula. 

For example, the E.P.A. uses a dose-response relationship of the 
form 

P “ 1 - exp{ - (q 0 + q]_.d + q 2 .d 2 + .... + q k .i.d k ‘ 1 )} 

when there are k doses in an experiment, where p is the lifetime 
probability of tumor at dose d. It is usual to use a maximum likelihood 
technique to estimate the various parameters qQ, q*^, q 2 , ... 3k-1> given 
the observed numbers of animals with tumors and the numbers of animals 
examined at each dose. 

In cases where there is appreciable early mortality in the 
experiment, so that the observed numbers of animals with tumors are 
likely to be underestimates of what would have been observed at the end 
of a perfect experiment, one can make modifications to the dose response 
relationship, just as one can make life-table adjustments to standard 
statistical tests. One' technique used is to modify the dose response 
curve to explicitly include length of life, using the idea that 
probability of tumor is likely to increase with a power of age (see page 
1 ); 


p - 1 - exp{ - (q 0 + qp .d + q 2 . d 2 + .... + qk-1 • dk ” 1 ) (t/L) n } 

where t is the age at death, and L is a standard lifetime. The parameter 
n can either be fixed at some reasonable value (in the range 2 to 11), 
or estimated from the experimental results. This technique suffers from 
the same limitations as the usual modifications to the standard 
statistical tests -- one has to introduce additional assumptions in 
order to apply it. In this case, one has to decide whether the tumors 
were a cause of death, or simply incidental. 

An alternative technique used when there is early mortality is to 
estimate the age dependence directly from the data, using a (so-called) 
non-parametric technique. This approach has been used to assemble a 
large database of comparable analyses of animal bioassays. 

This methodology has taken the raw results of the animal experiment, 
and summarized them in the form of a dose-response curve with known 
parameters. It is also possible to estimate how uncertain one is about a 
given parameter, using the same maximum likelihood techniques used to 
obtain point estimates of them - Indeed, one can plot the uncertainty 
distribution for any of the parameters. For example, for the parameter 
q^ (which will turn out to be the one of interest), we can plot the 
probability that q]_ lies below any given value: 
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In particular, we can ifind that value such that there is 95% 
probability that q]_ < q;j_*. 

However, it is important to note that the uncertainty distribution 
so plotted contains only the uncertainty due to the numerical size of 
the experiment -- the uncertainty that arises because we used a small 
number of animals, instead of an infinite number. It does not include 
the uncertainties which must be present because of the shakiness of all 
our assumptions. 


7. The Two Major Extrapolations 

The assumptions made so far have allowed us to parametrize an animal 
dose-response relationship, obtaining values for the parameters which 
are presumably reasonably appropriate for high doses. Strictly speaking, 
this parametrization of the dose-response curve only enables us to 
estimate the results we would expect to see at high doses in animals - 
the dose-resposne relationship can only be relied on to interpolate 
between high doses and perhaps to extrapolate a short distance outside 
the experimental range of doses. The problem now is to perform two 
extrapolations - from animals to humans, and from high dose to low dose: 


I 

Animal 

\ 

| Human 

1 

High Dose | 

1 

Observed .... 

1 

_i_ 

i 

i 

V 1 

_1 __... 

1 

Low Dose | 

i 

i i 

_1 

1 1 1 

-1 

i 

[ - - - " fcSU. | 

1 t 1 


i* 


LOGICALLY there are two distinct routes to follow in this 
extrapolation, since there are logically two distinct dose-response 
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curves involved (see below). One can extrapolate from high dose to low 
dose using the ANIMAL dose-response curve, and then extrapolate to 
humans (dashed lines) , o;r extrapolate to humans at high doses and then 
use* a HUMAN dose-response curve to extrapolate to low doses. 

We have seen how to estimate the parameters of the (high dose region 
of) the animal dose-response curve. In practice, the same curve (with 
the same parameters) is is used to extrapolate to low doses, by building 
into the mathematical structure of the dose-response curve all our 
assumptions about low dose behavior. 

How is this relevant for estimating human risk? Consider a 
generalized situation in which we wish to estimate the response (R) of 
humans to some dose (D) of material, when there is a response (r) in 
some animal at dose (d). Notice that nothing implies that r, R measure 
the same sort of response - they could be completely different (r could 
be acute toxicity to the lung of a mouse, R could be skin rashes in 
humans). Similarly, the dose measures d, D may be completely different. 
In the case immediately at hand, r is the lifetime probability of tumor 
in animals, and d is a dose as measured in the animal experiment. There 
are other cases of practical Importance however - r might be some 
measure of response (such as number of revertants per culture dish) in a 
mutagenesis bioassay, with d the dose applied to each culture dish. 

Animal Human 

Response: r R 

(lifetime probability of tumor, p) 

Dose measure: d D 

(as used in experiments) 

Dose-response curve: 

r - f(d; a,b,c,...t ) R = F(D; A,B,C, _T ) 

[p = 1 - exp{-(q 0 +qi.d +...))] 

What is required is some connection between the parameters a,b,c,... of 
the animal dose-response relationship and the parameters A,B,C,... of 
the human dose-response relationship. These parameters presumably 
include those mentioned in section 6, and I have explicitly included age 
amongst them. Given such a connection, the extrapolation to humans of 
the results in the animal studies is perfectly straightforward. The 
problem lies in finding the connection. 

Once such a connection is found (by whatever means) we have the 
methodology for the two extrapolations required. Notice the difference 
between what is done in the two distinct pathways of extrapolation 
mentioned above: 

In the first, the shape of the dose-response curves are examined, 
and it is decided how they may be (separately) extrapolated to low 
doses. Then some relationship is postulated between the parameters of 
the dose-response curves at low doses (it has to be postulated, since 
nothing can be measured at such low doses). One potential advantage of 
this approach is that the animal dose-response curve could be measured,, 
in principle and by heroic experimentation, down to lower response rates 
than usual (and this has been done in some cases) - allowing greater 
confidence in this extrapolation to low dose. 

- 12 - 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


202SS4S862 



In the second, some relation between the parameters of the 
dose-response curves is obtained at high doses (and this may be done 
experimentally, in principle, since at high doses the responses are 
measurable). Then it is decided how the human dose-response curve should 
be extrapolated to low doses. The advantage here is the possibility of 
direct comparison between species, albeit at high dose. 

The difference between these two logically distinct routes of 
extrapolation might be important in some circumstances. For cancer risk 
assessment based on animal carcinogenesis bioassays, however, the 
distinction is glossed over (one might even say, Ignored), by the 
practice of assuming the same mathematical form for the dose-response 
curve in both humans and animals (or more generally, in all species), 
and interpreting the parameters in the same way for both compared 
species. 

In the general case, however, what is required is some sort of 
relationship between the parameters of the dose-response curves: 

Animal Human 

r = f(d; a,b , c . . . t) R = F(D; A,B,C...T) 

We need to be able to derive the parameters A,B,C.*. from the values 
a,h,c which can be estimated from experiments, and then use the human 
dose-response curve to extrapolate to low doses. 

The practical approach is to seek parametrizations of the 
dose-response curve which result in the derivation of A,B,C... being 
simple given a,b,c... Consider the case of acute toxicity, for example. 
It is found that the shape of the dose-response curve for acute 
toxicity, In which the response is death, is very similar for a large 
number of toxins and for many different species. There is, in this case, 
a threshold-type dose-response curve which can be nicely parametrized by 
two values: the dose at which 50% of the animals tested can be expected 
to die (under suitable conditions), and the slope of the dose-response 
curve at this dose. The first parameter is known as the LD 50 (the second 
has no special name). 

Why is this parametrization useful? If the LD 50 S of various 
materials in one species are plotted against the LD 50 S of the same 
materials in another species, one finds approximate proportionality 
between them (the plot is a straight line). This can be expressed as, 
for example, 

LD 50 (rabbit) is proportial to LD 5 q( mouse). 

Even more remarkable, it turns out that if the dose is measured In a 
suitable way, as (amount)/(surface area of animal), then approximately 
we actually have 

LD 5 0 ( rabbit ) hD 5 o( mou ^ e ) = Lh5o(° tber species) 

and it is this approximate equality which explains the utility of the 
LD 5 Q. The other parameter used in defining the dose-response curve, the 
slope of the curve at the LD 50 , is not involved in this relationship. 
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Had we chosen some other method of parametrization, it is quite possible 
the required interspecies relationship between parameters would be much 
more complicated. 


8. Interspecies Comparison - Constant Relative Potency 

What is sought is a simple relationship between the parameters of 
dose-response relationships in different species. When it is assumed 
that the dose-response relationship includes a term linear in dose, 
there is a simple measure of the strength of a carcinogen - the 
carcinogenic potency (the slope of the dose-response curve at low dose). 
The simplest hypothesis is that for different species, the ratio of 
carcinogenic potencies is constant for different materials, so that if 
material A is twice as potent a carcinogen as material B in species 1, 

It will also be twice as potent as material A In species 2. This is the 
idea of constant relative potency, as applied to carcinogenesis, and it 
underlies the standard approaches to estimating human risks from 
animals. 

There is even some data which supports this idea! There have been 
several hundred bioassays performed simultaneously on rats and mice, and 
when the results of these are parametrized using a dose-response 
relationship which includes a linear term, we can estimate the potency 
in two species for each material tested. Plotting the potency measured 
in rats versus the potency measured in mice for each material then gives 
the figure shown. Notice that each measurement is uncertain to greater 
or lesser degree, due to the relatively small numbers of animals tested. 
If the idea of constant relative potency were exactly correct, these 
points would all lie on a straight line on the figure - or at least, all 
would lie sufficiently close to such a line that the measurement 
uncertainty bars on each point would encompass the line. From the 
fig;ures, one can see that: 

(1) On average, potency in one species is proportional to potency in 
the other species. 

(2) There is a large scatter of the points around the lines of exact 
proportionality - a scatter bigger than would be expected from the 
measurement errors alone. 

A similar comparison can be attempted between the potencies measured 
in animal experiments, and those observed in humans. These cases have 
arisen in the past where humans have been exposed to materials before 
they were known to be carcinogenic. We can make use of other's 
misfortune to estimate how potent each such material is in humans, and 
compare with estimates obtained for mice and rats in laboratory 
experiments. In this case, the uncertainties are so large that little 
can be quantitatively states, although qualitatively the idea of 
constant relative potency does not seem to be disproved. A more recent 
and much more thorough study of comparisons between humans and animals 
has been carried out for the E.P.A. by Dr. Kenny Crump, and we can 
expect that to be published soon - I understand that conclusions are 
qualitatively similar. 
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9. Interspecies comparisons - practical and theoretical 

The measure of carcinogenic potency introduced above was roughly 
defined as the ratio of (excess tumor probability)/(dose), at low enough 
dose. For the E.P.A. model usually used In risk assessments: 

p = 1 - exp{ - ( qo + qi-d + q 2 -d 2 + ... + qj c .i.d k * 1 )} 

the corresponding measure Is . When this dose-response relationship is 
used with real data, it is usual to use an "upper 95% confidence limit” 
estimate q j* of q^_ as the measure of potency, since such an estimate is 
always non-zero (while, for example, the maximum likelihood estimate is 
often zero). The "upper 95% confidence limit” is with respect to the 
numerical uncertainties of the experiment only, and so this estimate of 
potency is in no sense an upper limit with respect to all the other 
unc e r t aintie s invo 1 ve d. 

To compare humans with animals, the approach taken is to use a 
similar dose-response relationship in both cases: 

Animal Human 

p = 1 - exp{ - ( q 0 + qp.d +...)} p - 1 - exp{ - (Q 0 + Qp.D + ..)} 

and then the constant relative potency hypothesis suggests that is 
proportional to q^, or to our estimate q^_* of it: 

— const. qj* 

where the constant depends only on which animals species is used. We 
expect the constant to be different for different animal species - it 
will presumably depend on how we measure dose, on the relative lifespans 
of animal and human, on relative metabolic rates, and a whole host of 
other factors. With enough experiments, we could measure the constant in 
this relationship - at least in comparing animal with animal, rather 
than human with animal - and (in theory) empirically determine how it 
varies with these factors. The graphs above suggest that the constant is 
not completely constant, but that there is some sort of random 
uncertainty built in (or at least, an uncertainty that we can treat as 
random), amounting to an average factor of about 5. 

If we are very lucky, it may be possible to find some way of 
measuring dose so that the constant in the above relationship is 
numerically equal to 1 , so that the potency is equal in different 
species (up to the uncertainties) - just as it was possible to find such 
a measure in the case of the LD 5 Q. 

In practice, the E.P.A. assumes that the constant is exactly unity 
if the dose is measured as a (daily average amount)/(surface area of 
animal), by analogy with the LD 50 case. (The graphs shown above actually 
suggest that it would be better to assume an average factor of unity, 
with an uncertainty factor of about 5, when the dose is measured as a 
(daily average amout)/(bodyweight of animal)). 
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10. An example - 1,2 DIbromoethane 

As an example of the procedures usually adopted, let us look at the 
case of 1,2-Dibromoethane. What follows Is by now means complete, but it 
indicates the sort of analysis which has to be performed. This example 
is confined to analysing just one result out of many, in a single 
bioassay (of about 5). In practice, it Is essential to look at all the 
results. 

The bioassay I have chosen was an inhalation bioassay in the 
National Toxicology Program series. A summary of the study design is: 

Initial 


number of 
animals 


Concentration 

ppm 

(6 hrs/d, 5 d/vk) 


Time on study 
exposed observed 
(weeks) 


Male rats 
control 

50 

0 

0 

104-106 

low-dose 

50 

10 

103 

1 

high-dose 

50 

40 

88 

o 

1 

Female rats 

control 

50 

0 

0 

104-106 

low-dose 

50 

10 

103 

1 

high-dose 

50 

40 

91 

0-1 


And similarly for mice 


We will look only at the results in female rats. First, their survival 
was not as good as might be desired in such an experiment, but the early 
mortality was probably due to the cancers appearing in the study, so it 
is acceptable - we can use (at least initially) the simplest analysis 
based on "end-of-life" data, without having to worry too much about the 
age dependence (this should always be backed up by further analysis, of 
course). 
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Tumors were found in many tissues. A summary of those tissues where 


more than 5% of the animals in any group were found with tumors 

is (for 

female rats): 




Control 

Low 

High 

Subcutaneous tissue: fibroma 

Subcutaneous tissue: fibroma 

0/50 

0/50 

3/50 

or fibrosarcoma 

0/50 

0/50 

4/50 

Nasal Cavity: Carcinoma, NOS 

0/50 

0/50 

25/50 

Nasal Cavity: Sqamous cell carcinoma 

1/50 

1/50 

5/50 

Nasal Caavity: Adenoma, NOS 

0/50 

11/50 

3/50 

Nasal Cavity: Adenocarcinoma, NOS 

0/50 

20/50 

29/50 

Nasal Cavity: Adenomatous Polyp, NOS 

0/50 

5/50 

5/50 

Nasal Cavity: Papillary Adenoma 

Nasal Cavity: Adenoma,NOS; Carcinoma, NOS; 

0/50 

3/50 

0/50 

Adenocarcinoma,NOS; 




Papillary Adenoma; Adenomatous 



polyp,NOS; and Sqamous cell 
Carcinoma 

1/50 

34/50 

43/50 

Lung: Alveolar/Bronchiolar Carcinoma 

Lung: Alveolar/Bronchiolar Carcinoma or 

0/50 

0/48 

4/47 

Adenoma 

0/50 

0/48 

5/47 

Hematopoietic System: All leukemias 

6/50 

7/50 

1/50 

Hematopoietic System: Monocytic leukemia 

6/50 

5/50 

1/50 

Circulatory System: Hemangiosarcoma 
Circulatory System: Hemangiosarcoma or 

0/50 

0/50 

5/50 

Hemangiosarcoma, invasive 

0/50 

0/50 

5/50 

Liver: Neoplastic nodule 

2/50 

0/49 

3/48 

Liver: Hepatocellular carcinoma 

Liver: Neoplastic nodule or Hepatocellular 

0/50 

1/49 

3/48 

carcinoma 

2/50 

1/49 

5/48 

Pituitary: Adenoma, NOS 

1/50 

18/49 

4/45 

Pituitary: Chromophobe adenoma 

20/50 

0/49 

0/45 

Adrenal: Pheochromocytoma 

3/50 

1/49 

0/47 

Thyroid: C-cell Carcinoma 

1/49 

3/48 

1/45 

Mammary Gland: Adenocarcinoma,NOS 

1/50 

0/50 

4/50 

Mammary Gland: Fibroadenoma 

4/50 

29/50 

24/50 

Notice especially the various groupings 

which 

are employed 

- this is 

a matter of judgement. It is clear that the 

major 

effect is in 

the nasal 


cavity, but observe also the effect on fibroadenomas in the mammary 
gland., and the negative trend seen in the pituitary. Such negative 
trends are ignored. 

Using the combined'results in the nasal cavity, we fit the E.P.A. 
multistage model and find best estimates of; 

qQ = 2.699 x 10.q^_ - 6.876 x 10‘ 2 ; q 2 * 0; 

and obtain an upper confidence limit for q^ of q^* a 8.6 x 10 .2 
all cases using as doses the values 0, 10 and'40 from the experimental 
design. In fact, the earlier figure of a distribution of values for q^ 
is taken from this example - you can read the probability of q]_ being 
less than any given value from that figure. 
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Now what do we do with this estimate? That depends on the 
application, but we will assume that we wish to make a "UNIT RISK" 
estimate for humans from it - that is, estimate the lifetime risk to a 
human exposed to 1 microgram/m^ of dibromoethane for life. 

There are several extrapolations required. First, the animals were 
dosed for a lifetime, but not continuously. Correcting for continuous 
exposure introduces a factor of 7/5 x 24/6 (for days/week and hours/day) 
- but notice the subtle assumptions being made here, that it is average 
exposure that matters (and not peak exposure, for example). 


Now we estimate that a female rat will suffer and increased lifetime 
risk, of about 0.48 per ppm in the air (we assume that we are talking 
about such low doses that the excess risk is small). 1 ppm for 
1,2-dibromoethane corresponds to about 7.6 mg/m^ (one would estimate a 
little higher from the perfect gas laws), or 7600 microgram/m^, so that 
the increased lifetime risk to a female rat exposed continuously to 1 
migrogram/m^ is about 6.3 x 10'^ 

What about humans? We saw before that the assumption made was that 
humans are just as sensitive as animals - i.e. they suffer equal 
lifetime risks - if exposed at doses which are equal on an 
(amount)/(surface area) basis. Now it turns out that, approximately, 
equal concentrations in air lead to exposures which are equivalent on 
this basis, provided the species under consideration absorb about the 
same amount from the air they breathe. Thus the extrapolation to humans 
is simple in this case;- one simply takes the same value for humans - a 
"UNIT RISK" of about 6.3 x 10(i.e. that is the lifetime risk from 
continuous exposure to 1 migrogram/nr of dibromoethane in the air). 


It may be desired to estimate from this the effect on humans of 
ingestion of dibromoethane. In this case there are actually other 
bioassays in which dibromoethane was fed to animals under various 
conditions, but suppose that we have to make some estimate from the 
inhalation data. The "standard" human inhales, on average, about 20 m^ 
of air per day, and so inhales about 20 microgram/day of contaminant 
from air contaminated with 1 microgram/m^. If we assume that 100% of 
this contaminant is absorbed, the human's daily dose is 20 
micrograms/day, or about 20/70 microgram/kg-day (as a fraction of 
bodyweight), or 2.9 x 10’^ mg/kg-day in the conventional units used. 
This results in a risk of about 6.3 x 1CT 5 , as detailed above, so that 
the potency is just the ratio of these -- 0.22 (mg/kg-day) "1*. 


These short outline calculations have made several assumptions which 
require examination in any particular case. We have not looked at all 
the bioassay results, so one cannot expect that the numbers obtained 
here will correspond with what anybody else, .who has done a more 
thorough job, will obtain -- they are placed here in order to show in 
outline what is done. In practice, one has to decide that the tumor site 
and type combinations are appropriate for combination in the animal 
species. That these tumors are relevant end points for estimating the 
probable effects on humans. That the route of administration, and method 
of administration are reasonable to produce results that may be 
extrapolated to humans. And a myriad of other details which have only 
been lightly touched upon, or completely omitted, in this sketch. * 


-18- 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025545868 




10" 3 to' 2 (O ' 1 1 10' K) 2 to 3 


POTENCY IN MOUSE (mg' kg d) 




Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


2025545869 



TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (Continued) 



Vehicle 

Control 

500 

mg/kg 

1,000 

mg/kg 

Circulatory System: Hemangfosarcoma 

Overall Rates (a) 

4/50 (89c) 

3/49 (69c) 

1/50 (29/) 

Adjusted Rates (b) 

10.1% 

8.8% 

2.6% 

Terminal Rates (c) 

3/38 (89c) 

2/33 (69/) 

1/39 (35?) 

Life Table Tests (d) 

P-0.130N 

P-0.559N 

P=0.169N 

Incidental Tumor Tests (d) 

P-0.097N 

P-G.408N 

P=0.I76N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P=0.I34N 

P-0.512N 

P=0.18!N 

Circulatory System: Hemangioma or Hemangiosarcoma 

Overall Rates (a) 4/50 (89c) 

4/49 (89/) 

1/50 (29;) 

Adjusted Rates (b) 

10.15? 

11.85? 

169/ 

Terminal Rates (c) 

3 38 (89c) 

3, 33 (99/) 

1,39 (39/) 

Life Table Tests (d) 

P-0.142N 

P-0.579 

P=0.I69N 

Incidental Tumor Tests (d) 

P-0.1 ION 

P-0.573N 

P=0.176N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P-0.I47N 

P=0.631 

P-0.181N 

Over: Adenoma 

Overall Rates (a) 

0/50 (09c) 

5 49 (109/) 

13/ 50 (269c) 

Adjusted Rates (b) 

0.09c 

13.09c 

33.39; 

Terminal Rates (c) 

0/38 (09c) 

3,33 (99/) 

13/39 (33%) 

Life Table Tests (d) 

P<0.001 

P-0.030 

P<O.OOI 

Incidental Tumor Tests (d) 

PC0.00I 

P-0.023 

P<0.001 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P<0.001 

P-0.027 

P<0.001 

Liver: Carcinoma 

Overall Rates (a) 

10/50 (209c) 

14 49 (299c) 

12 50 (249;) 

Adjusted Rates (b) 

24.39/ 

35.99/ 

25.89/ 

Terminal Rates (c) 

7,38 (189/) 

9 33 (279c) 

5;39(I35?) 

Life Table Tests (cl) 

P-0.427 

P-0.183 

P-0.463 

Incidental Tumor Tests (d) 

P=0.536 

P=0.379 

P=0.548N 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 

P-0.363 

P-0.224 

P-0.405 

Liver: Adenoma or Carcinoma 

Overall Rates (a) 

10 50 (209c) 

18 49 (379c) 

23 50 (469/) 

Adjusted Rates (b) 

24.39/ 

45.19c 

49.89/ 

Terminal Rates (v) 

7 38(189/) 

12 33 (369/) 

16 39 (419;) 

Life Table Tests (d) 

P-0.013 

P-0.G42 

P-0.014 

Incidental Tumor Tests (d) 

P=0.009 

P-0.098 

P-0.019 

Cochran-Armitage Trend Test (cl) 

Fisher Exact Tests 

P-0.004 

P-0.052 

P-0.005 

Forestomach: Squamous Cell Papilloma 

Overall Rates (a) 

3 49 (69c) 

3 48 (69/) 

9 49 (1890 

Adjusted Rates (b) 

7.99/ 

9 . 19 ; 

23 . 19 ; 

Terminal Rates (c) 

3 38 (89/) 

3 33 (99/) 

.9 39 (239/) 

Life Table Tests (d) 

P-0.038 

P-0.597 

P=0.065 

Incidental Tumor Tests (d) 

P-0.038 

P-0.597 

P-0.065 

Cochran-Armitage Trend Test (d) 

Fnsher Exact Tests 

P-0.034 

P-0.651 

P-0.060 
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TABLE B3 


INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF BENZYL ACETATE 
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How Do Cancer Risks Predicted From Animal Bioassays 
Compare with the Epidemiologic Evidence? The Case of 
Ethylene Dibromide 


Irva Hertz-Picciotto , 1 Norman Gravitz , 2 and Raymond Neutra 2 
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Cancer risks for ethylene dibromide (EDB) were estimated by Fitting several linear non¬ 
threshold additive models to data from a gavage bioassay. Risks predicted by these models 
were compared to the observed cancer mortality among a cohort of workers occupationally 
exposed to the same chemical. Models that accounted for the shortened latency period in the 
gavaged rats predicted upper bound risks that were within a factor of 3 of the observed 
cancer deaths. Data from an animal inhalation study of EDB also were compatible with the 
epidemiologic data. These findings contradict those of Ramsey etal. (1978), who reported 
that extrapolation from animal data produced highly exaggerated risk estimates for EDB- 
exposed workers. This paper explores the reasons for these discrepant findings. 


KEY WORDS: Ethylene dibromide; risk assessment; cancer; occupational exposure. 


1. INTRODUCTION 

In the absence of adequate human data, quanti¬ 
tative cancer risk assessments have relied heavily on 
extrapolations from animal bioassays conducted at 
comparatively high dose$. (l) The validity of such 
extrapolations has, however, been a source of con¬ 
troversy.^ 8) A case in point is that of ethylene 
dibromide (EDB), a fumigant that, until recently, 
was widely used on grain and citrus products. Re¬ 
sults of an animal bioassay <9) showed EDB to be an 
extremely potent carcinogen when administered by 
gavage. For regulatory purposes, the Carcinogen As¬ 
sessment Group (CAG) of the U.S. Environmental 
Protection Agency used these bioassay data to esti¬ 
mate human risks from consumption of EDB re¬ 
sidues in i'ood. (1(U1) 

1 California Ihiblic Health Foundation. 2151 Berkeley Way, Room 
515. Berkeley, California 94704. 

2 California ^Department of Health Services, Berkeley, California 
94704. 


Ramsey and associates (2) applied the risk ex¬ 
trapolation model used in an early report of the 
regulatory agency (10) to a cohort of workers at two 
chemical manufacturing plants who were exposed to 
EDB by inhalation, and whose mortality was under 
study. (12) The results of Ramsey etal. suggested a 
wide discrepancy between the observed mortality and 
the risks predicted from the animal gavage data by a 
low-dose-linear extrapolation model. These results 
have been cited as evidence that extrapolations from 
animal bioassays to human real-world exposures are 
implausible and hence contraindicated. <2 " 6,13) 

In this paper we investigate the reasons for the 
apparent discrepancy. Other nonthreshold models 
which are linear at low doses are fitted to the gavage 
data, including the one used in the final risk assess¬ 
ment of the CAG. (U) Models are also fitted to data 
from a more recent inhalation bioassay. (14) The use 
of safety factors is not considered because of the 
limitations of this approach/ 15 * We then apply each 
fitted model to the cohort of EDB-exposed workers 
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and compare the predicted risks to the observed 
cancer mortality. 


2. THE EDB DATA AND THE REPORTED 
DISCREPANCY 

Cancer deaths among workers exposed to EDB 
were reported as not significantly elevated, unless a 
small group with additional exposure to arsenic was 
included. (12) However, in a long-term gavage bioas¬ 
say, (9) and in two inhalation studies (U,16) published 
subsequent to the risk assessment of CAG, EDB 
proved highly carcinogenic. In the two assays (one 
gavage and one inhalation) conducted by the Na¬ 
tional Cancer Institute/National Toxicology Pro¬ 
gram (NCI/NTP), more than 50% of the high-dose 
animals exhibited contact-site tumors (squamous cell 
carcinomas of the stomach from gavage administra¬ 
tion, nasal cavity malignancies of several types from 
inhalation). Both low- and high-dose animals had 
statistically significant excesses of contact-site tumors 
and a variety of tumors remote from the site of 
administration (i.e., systemic tumors). 

A one-hit, nonthreshold model was fitted by the 
CAG (10> to the rat data from the NCI gavage bioas¬ 
say to assess risk from ingestion of EDB-contami- 
nated food. The CAG used squamous cell carcinomas 
of the stomach in male rats and an interspecies 
conversion based on surface area equivalence. In 
developing its risk assessment for public exposure via 
ingestion, the CAG specified that the parameter 
estimates were applicable only for intubation ex¬ 
posure. Different parameter estimates were recom¬ 
mended for dietary exposure and for inhalation ex- 
pcsure (10) (in a later risk assessment of EDB, the 
CAG scientists developed a more sophisticated model 
to deal with the irregularities in the gavage bio- 
assay (1I) ). 

Ramsey et alS 2) applied the one-hit model fitted 
by the CAG to a cohort of 161 employees involved in 
the manufacture of EDB. (12) Exposure was estimated 
by (i) assuming all workers were exposed to time- 
weighted average (TWA) concentrations based on 
measurements made during the 1970s at one of the 
two plants, <l2) and (ii) converting to a continuous 
lifetime equivalent dose using an average weight of 
70 kg. Additionally, it was assumed that both potency 
and biologically effective dose were the same for 
inhalation as for intubation, i.e., no adjustments were 
made for route of exposure. 


The risk of an EDB-induced cancer death v* 
calculated for each worker in the study by Ott et d® 
These were then summed to obtain the number d 
excess cancer deaths predicted by the model. In ifc 
cohort of 161 workers, this model predicted over# 
excess cases of cancer from an exposure of 3.0 ppm, 
or about 50 cases from 0.9 ppm exposure.* 2 * These 
predictions are for the partial lifetimes of the workea 
Given that only eight cancer deaths were observed, 
with a 95% upper bound of 16, these predictions are 
clearly inconsistent with the observed mortality. 

Figure la displays a comparison of (a) observed 
cancer deaths, (b) expected cancer deaths based on 
U.S. white male age-specific rates, and (c) cancer 
deaths predicted by this model. Predictions are shown 
for each of the two assumed exposure levels. Since 
measurements were taken at the Michigan plant only, 
results for the two plants are presented separately. 

In light of this discrepancy between predicted 
and observed cancer mortality in EDB-exposed 
workers, some authors have suggested that extrapo- 



GAVAGE INHALATION 

BIOASSAY BIOASSAY 


Fig. 1. Observed, expected, and predicted cancer deaths using 
one-hit model and two animal bioassays of ethylene dibromide. 
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lating from animal bioassay data to predict human 
cancer risks is inappropriate. (3_6) Because data from 
such assays are often the strongest evidence of 
carcinogenicity and usually the only basis available 
for quantification of human risks, alternative ex¬ 
planations should be investigated before drawing such 
a conclusion. These should include the possibilities 
that the assumed exposures in the occupational study 
were too high, that some aspect of the model or its 
application to the workers was inappropriate, or that 
the method for scaling doses between species was 
incorrect. 

lit seems unlikely that the workers’ exposures 
were greatly overestimated. Most of the exposures to 
EDB occurred decades before the measurements were 
taken, suggesting underestimation of exposure. While 
individual work histories or job activities were not 
taken into account, and while it is possible that 
heavily exposed short-term workers were excluded 
and that long-term employees experienced lower ex¬ 
posures than the TWAs, biases due to these factors 
are likely to be less significant than the changes in 
exposure over time. With risk predictions over seven¬ 
fold too high (even using the lower of two estimated 
TWAs), inaccuracies in exposure assessment are un¬ 
likely to explain the inconsistency between observed 
and predicted cancer deaths. We have therefore ex¬ 
plored other potential explanations: deficiencies of 
the model, problems in its application to the workers 
including the different route of exposure, and the 
interspecies conversion factor. 


3. MITHODS AND RESULTS 

A crude extrapolation using direct proportional¬ 
ity from the lowest dosed animals in the gavage 
experiment indicated compatibility between the ani¬ 
mal and occupational data. The low-dose gavaged 
rats received 5.37 mg/kg/day (in human equivalent) 
and developed 60% more tumors than the control 
rats. The average worktime dose in the occupational 
study was 4.6 mg/kg/day, which amounts to only 
0.35 mg/kg/day when averaged over their lives. This 
represents about 0.065 of the rats’ dose, implying an 
excess risk of 0.04 for each worker (0.065x0.6), or 
about six extra cancer deaths in the cohort of 161, 
where three excess cancer deaths were seen. 

We further compared the observed cancer deaths 
among workers in the study by Ott etalS l2) with 
predictions from several linear nonthreshold models. 
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using data from both the NCI inhalation bioassay (l4) 
and the NCI gavage bioassay. <9) The following mod¬ 
els were used: the one-hit model and the multistage" 
model were fitted to the inhalation bioassay data; the 
multistage model incorporating time-to-tumor data, 
the multistage model with variable dosing, and the 
proportional hazards model were fitted to the gavage 
data. In each case the fitted extrapolation model was 
applied to the workers’ exposure to obtain predicted 
cancer risks, which were then compared with ob¬ 
served cancer deaths in the EDB-exposed cohort. For 
the inhalation bioassay, nasal cavity malignancies in 
male rats represented the most sensitive site, sex, and 
species. To simplify comparison, we made the same 
exposure assumptions as Ramsey et ai y {2) with the 
exception that the model incorporating variable dos¬ 
ing and the Cox model do not assume that average 
lifetime dose is the determinant of risk. Also, while 
CAG used data from only the low-dose animals in 
the gavage study, these analyses used data from all 
dosed animals. 

3*1. Inhalation Data: Two Models 

The one-hit, nonthreshold model takes the form 

P(d)-~ P( 0) = 1 — exp( — fi'd) 

where P(d) represents average lifetime cancer risk 
for an individual exposed to dose d , P( 0) is the 
background lifetime cancer risk, and /? is the un¬ 
known parameter for carcinogenic potency (i.e., 
mortality per unit dose) of the substance. When 
fitted to the inhalation bioassay data using Global 82 
software, <17) this model predicted upper limits of 1.2 
and 0*7 excess cancer deaths among the exposed 
workers at the Texas and Michigan plants, respec¬ 
tively, assuming EDB concentrations averaged 3.0 
ppm for all workers at both plants. Since the inhala¬ 
tion experiment ran for the full two years, and since 
most of the animals were sacrificed at term, the 
calculation of partial lifetime risks for the workers 
was based on the exponent for time (or age) depen¬ 
dence of cancer risk obtained from the gavage data. 
Other researchers have estimated similar values for 
the age dependence of human cancer (i8,19) ; using 
smaller values as reported for lung cancer by Doll 
and Peto* 20 * did not substantially alter the results. As 
shown in Table I and Fig. lb, when the small excess 
risks predicted by this model were added to the 
expected deaths, the resulting total predicted cancer 
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Table L Numbers of Cancer Deaths Predicted by Linear Nomhreshold Models Fitted 

to Inhalation Data 





Excess predicted 6 by one-hit model 


Observed 

Omitted 

With tumors found at terminal sacrifice: 

Included 


(95% Cl) 

Expected 0 

0.9 ppm 3.0 ppm 0.9 ppm 3.0 ppm 

Texas 

Michigan 

3 C (0.6—8.8} 

5 (1.6-11.7) 

3.6 

2.2 

0.13 rf (0.17)' 0.44(0.57) 0.30(0.38) 1.00(1.25) 
0.08 (0.10) 0.26(0.33) 0.17(0.22) 0.58(0.72) 


ff From U.S. white male age- and calendar-year-specific mortality rates. 

6 Models were fitted to inhalation data using Global 82 software published by Crump and Howe 
(1982). Proportion with tumors was based on life table adjustment. Animals who died prior to 
the first tumor were not included. 

c Included one arteriosclerotic heart disease death with lymph node malignancy (see Ref. 2). 

^ Maximum likelihood estimates. 

‘‘Numbers in parentheses are upper 95% confidence limits. 


mortality was close to the observed mortality among 
the EDB-exposed workers. 

The multistage model generalizes the one-hit 
model by allowing for nonlinear terms in the hazard 
rate of cancer death. This model is of the form 

P(d)-P(Q)^l-tx ? [-{0 l -d + ^d 2 +—)] 

with ft the unknown parameters. When fitted to the 
inhalation data, the linearized multistage model pre¬ 
dicted identical risks, that is, the strong linearity in 
the data dictated that the best fit was the one-hit 
model. 


3.2. Gavage Data: Three Models 

The gavage bioassay was marked by severe early 
mortality from both toxic and carcinogenic effects of 
the high doses of EDB: one-third of the high-dose 
animals died by the 15th week. The two-year bioas¬ 
say was therefore., terminated before fte ep/J of dte 

hi I /> d In Ufijti'.i Int lit*- 'ilihltHiwi itlt-Hfftm nnd 

> him * i liifiii'M*. « VMiwhoH nt ilw Muliistoy/: 
wn'frl tin ofponitmg flic Mifviva! times of the animals 
(denoted multistage with time-to-tumor model) was 
fitted to these data using Weibull 82 software. The 
form of this model is 

P{d)-P{ 0 ) 

= 1 — exp[-4- fil'd 2 + •• •)( ? “ *o) ] 

where t represents time since first exposure and f 0 
represents the latency period. Thus, ft and to are 


parameters to be estimated. Using this model, the 
upper-limit predictions were two to three times the 
observed cancer deaths assuming exposures of 3.0 
ppm: 11.9 and 3.9 excess cancer deaths at the Texas 
and Michigan plants, respectively. 

In response to the early mortality, dosing was 
stopped for the high-dose animals, and subsequently 
a variable dosing pattern was instituted for this group. 
Zeise and Crouch, (22) Thorslund, (23) and Crump and 
Howe (24) developed a special case of the Armitage- 
Doll multistage model for carcinogenesis, which in¬ 
corporated such a variable dosing regimen. This 
model was used in the CAG’s final risk assessment 
for EDB, (U) and took the form 

P(d)-P( 0) 

-1-exp [-(f}. d )[(t-sy-(!-/)']] 

where r is the age at start of exposure, / is the age at 
end of exposure, t is the age at end of observation 
period, and d is the daily dose from age s to f. 
y//w hHwt io (hi gavage data, this model gave 
predictions that were similar to those of the time-to- 
turnor model: 10.4 and 5.5 excess cancer deaths at 
the Texas and Michigan plants, respectively, assum¬ 
ing concentrations of EDB averaged 3.0 ppm (see 
Table II). Thus, a variable dosing schedule did not 
significantly influence the risk projections. 

The Cox proportional hazards model differs from 
the previously described models by treating the in¬ 
crease in risk as a multiplicative rather than an 
additive effect. The model takes the form* 

P(d, t ) =l-expf- J\(d u ,u) 9u 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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TaMe IL Numbers of Cancer Deaths Predicted by Multistage 
Model Adapted for Variable Dosing Fitted to Gavage Data 




Number of Cancer Deaths 



Observed 
(95% Cl) 

Expected" 

Excess predicted by model h 
0.9 ppm 3.0 ppm 

Texas 

3 r (0.6-8.8) 

3.6 

2.84 rf (3.49)' 

8.65 (10.42) 

Michigan 

5 (1.6-11.7) 

2.2 

1.95 (2.33) 

4.84 (5.53) 


"From U.S. white male age- and calendar-year-specific mortality 
rates. 

^Multistage model adapted for variable dosing (Ref. 11). 
r Includes one arteriosclerotic heart disease death with lymph node 
malignancy (see Ref. 2). 

‘'Maximum likelihood estimates. 
e Numbers in parentheses are upper 95% confidence limits. 

where P{d y t) represents the risk by time = f, for a 
dosing pattern d , and \{d u , u) represents the in¬ 
stantaneous hazard at time u due to dose = </ u 
(== dose between 0 and u). Furthermore, this model 
assumes that the hazard for an exposed individual is 
proportional to the base-line hazard at all times: 

A(rf,/)«/(rf)-A(0,0 

(Dose can be a function of time or not.) This model 
has been used recently as a basis for developing and 
comparing potencies from animal carcinogenicity 
bioassays. (26_2S) The function f(d) is taken to be 
linear: (1 + The following steps implemented 
this model: 

a. The parameter /? was estimated from the 
animal gavage data. 

b. For each worker j\ the integrated base-line 
hazard, Hj( 0), was determined using age-. 
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race-, sex-, and caiendar-year-specific rates 
for U.S. males. 

c. The predicted excess probability of a cancer 
death for worker j at dose = d was derived 
using Hj{ 0), the estimate for 0, and the pro¬ 
portional hazards assumption: 

P{dj) + P( 0) = 1 -exp{ -\fidj) ■ [tf y (0)]} 

d. The predicted number of excess cancer deaths 
for the cohort was obtained by summing the 
risks over all workers in the cohort. 

Unlike the previously discussed models, the Cox 
proportional hazards model assumes that the excess 
risk is a function of the background rates. Since EDB 
is not expected to affect all cancer sites uniformly, 
two potential sites were selected for extrapolation: 
lung and stomach. 

The excess lung cancer deaths predicted by the 
Cox model assuming that EDB concentrations aver¬ 
aged 3.0 ppm were 46.8 and 22.1 for the Texas and 
Michigan plants, respectively; predicted excess stom¬ 
ach cancer deaths were 17.8 and 9.5. These predict¬ 
ions are maximum likelihood estimates; because of 
the strong monotonicity of the gavage data, the vari¬ 
ance was too unstable to derive a reliable confidence 
interval. The high lung cancer predictions were simi¬ 
lar to those of the one-hit model fitted to the gavage 
data. 

Tables III and IV summarize the risk predic¬ 
tions from all of the models discussed above. For 
simplicity of presentation. Table III assumes 0.9 ppm 
exposure, and Table IV assumes 3.0 ppm exposure. 


Table III. Total" Cancer Deaths Predicted* by Several Models for EDB-Ex posed Workers* - 
Models fitted to gavage data 


Models fitted to inhalation data 



Observed cancer 
deaths 

One-hit 

hazards 

Multistage with 
time-to-tumor 

Multistage with 
variable dosing 

One-hit: terminal sacrifice tumor: 

Stomach 

Lung 

Omitted 

Included 

Texas 

3 

38.6 

10.4 

31.4 

7.7 

7.1 

3.8 

4.0 

Michigan 

5 

21.2 

5.9 

13.0 

3.5 

4.5 

2.3 

2.4 

Overall 

8 

59.8 

16.3 

44.4 

11.2 

11.6 

6.1 

6.4 


•Total cancer deaths “ [expected + predicted excess). 

* Other assumptions are described in the text. Values in the table represent upper 95% confidence limits, except for the proportional hazards model.: 
which the variance estimates were too unstable to derive an upper confidence limit 
f Assumes 0.9 ppm exposure during time employed. 


2025545876 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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Table IV. For Total 0 Cancer Deaths Predicted** by Several Models for EDB-Ex posed Workers* 

Models fitted to gavage data 


Proportional Models fitted to inhalation daa 

Observed cancer ha2ards Multistage with Multistage with One-hit; tenninal »acrifice nimo, 



deaths 

One-hit 

Stomach 

Lung 

time-to-tumor 

variable dosing 

Omitted 

Included 

Texas 

3 

56.6 

21.4 

50.4 

15.5 

14.0 

4.2 

4.9 

Miclug;an 

5 

34.2 

11.7 

24.3 

6.1 

7.7 

2.5 

2.9 

Overall 

8 

90.8 

34.5 

74.7 

21.6 

21.7 

6.7 

7.8 


"Total cancer deaths =» [expected + predicted excess]. 

h Other assumptions are described in the text. Values in the table represent upper 95% confidence limits, except for the proportional hazards model. 

which the variance estimates were too unstable to derive an upper confidence limit 
r Assumes 3.0 ppm exposure during time employed. 


Table V, Effect of Interspecies Dose Conversion Factor on Cancer 
Risk Predictions 0 

Dose equivalence by 

Predicted excess cancer deaths mg/kg/day mg/kg 2/3 /day 


Texas 


0.9 pm 

0.8 

4.1 

3.0 ppm 

2.6 

11.9 

Michigan 



0.9 ppm 

0.3 

1.3 

3.0 ppm 

0.8 

3.9 


"Time-to-tumor model fitted to gavage data. Values in the table 
represent upper 95% confidence limits. 


3 3. Interspecies Scaling Factor 

As noted, the gavage analyses used surface area 
to scale the doses from animals to man. To investi¬ 
gate the role of the interspecies scaling factor we 
repeated the analysis that fitted the multistage with 
time-to-tumor model to the NCI gavage bioassay 
data, using mg/(kg body weight)/day equivalence 
rather than surface area equivalence. A compari¬ 
son of these two analyses is shown in Table V. Sur¬ 
face area equivalence yielded risk estimates that 
were about five times larger than those based on 
mg/kg/ciay equivalence. 


4. DISCUSSION 

The Large uncertainty in risk assessment due to 
extrapolating between high and low doses is of con¬ 
siderable concern. Unfortunately, the only feasible 
way to conduct a sensitive animal bioassay is to use 
high doses, since the risks at low doses generally 


cannot be detected unless many thousands of animals 
are treated; nevertheless, such risks may be of con¬ 
siderable public health concern if exposures are 
widespread. Thus, the uncertainty of high-to-low dose 
extrapolation is unavoidable. One result of this inves¬ 
tigation was to develop a means of narrowing the 
range of uncertainty by comparing model-based 
estimates derived from animal data to the observa¬ 
tions in epidemiologic studies. 

All the linear nonthreshold additive risk models 
considered here for extrapolating human cancer risks 
from animal bioassay data performed well when 
validated against the mortality of EDB-exposed 
workers. That is, the predictions are compatible with 
the reported cancer deaths in the occupational study 
of Ott and colleagues. (12> Even a crude extrapolation 
using direct proportionality, which is equivalent to 
drawing a straight line between zero excess risk at 
zero dose and the excess tumor rate in the low-dose 
rats, gave plausible risk estimates when compared to 
the epidemiologic data. This compatibility contrasts 
sharply with the findings of Ramsey and co- 
workers.*^ We discuss the reasons for this difference 
and the implications of our findings. 


4.1. Choice of Model 

On theoretical grounds, the multistage model for 
variable dosing and time-dependent risk appears to 
be the most appropriate of the additive models for 
the analysis of the EDB gavage data. This is because 
it utilizes the full information on both survival times 
and dosing pattern and makes no assumptions re¬ 
garding dose rate. Considering the uncertainties in¬ 
volved in risk extrapolation it is apparent that the 
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predictions of this model are fully compatible with 
the observed mortality in the EDB-exposed cohort. 

The proportional hazards model, also sensitive 
to both the survival times and the variable dosing, 
gave rather high risks, particularly if one assumes its 
effect to be on lung cancer, the site of contact for 
occupational exposure. This was due to the depen¬ 
dence of the model predictions on background rates 
in humans, when the model parameters were esti¬ 
mated from an animal experiment in which the back¬ 
ground rate was zero. It is also rare for an agent that 
induces lung cancer to affect the background rates, 
which are primarily due to smoking, in a multiplica¬ 
tive way. Asbestos is a notable exception. (29) On the 
other hand, at the low exposure estimate (0.9 ppm), 
assuming EDB’s effect is on stomach cancer, the 
predictions are compatible with the observed cancer 
deaths, at the one plant where measurements were 
taken (Michigan). Without knowledge of the site of 
EDB’s carcinogenic activity in humans, it is difficult 
to say whether this model is compatible with the 
epidemiologic data. 

‘Tie multistage model with time-to-tumor yields 
very similar risk estimates as the model that also 
incorporates the variable dosing pattern, suggesting 
that ithe variable dosing was not an important factor 
in the potency of EDB in the gavage bioassay. With 
the 3.0 exposure estimate, overall predictions were 

about three times the observed mortality among the 
workers. Thus, because the workers’ exposure begins 
comparatively late in life, the additive models which 
incorporate information on time since exposure be¬ 
gins provide a far better fit to the worker data than 
those models that do not. 

Wiiile numerous other models (probit, Weibull, 
logit, etc.) have been advocated for extrapolation, we 
have limited our analyses to those with the property 
of being linear at low doses. Such curves will yield an 
upper bound for the risk at low doses (30 “ 32) and thus 
provide a health-protective basis for regulatory deci¬ 
sion making. 

It should be emphasized that risk assessment 
makes no claim to providing precise predictions, but 
rather seeks to generate ball-park estimates. These 
estimates are intended as plausible upper bounds of 
risk, restricting discussion to models used with the 
gavage data, the one-hit model predicts implausible 
risks, as does the proportional hazards model using 
lung cancer deaths, while both the variable dosing and 
the time-to-tumor forms of the multistage model are 
compatible with the epidemiologic data. We conclude 
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that the gavage data are not inherently incompatible 
with the workers’ cancer mortality experience. 

The inhalation bioassay was not fraught with 
the complications of high early mortality and a re¬ 
duced latency period. This may partially explain why 
the one-hit model (without an adjustment for latency) 
applied to the inhalation data predicted cancer risks 
that were fully compatible with the epidemiologic 
study. The importance of the latency period is under¬ 
scored by the fact that most of the tumors observed 
in the inhalation bioassay were discovered at termi¬ 
nal sacrifice. If we were to exclude such tumors, the 
predicted excess risks from this bioassay would be 
halved. 

4.2. Route of Exposure 

When the doses in the inhalation study were 
converted to units of mg/kg/day, they were in fact 
larger than the doses of the gavage study (see Table 
VI). The time on the study was about double the 
duration of the gavage bioassay, while the probabil¬ 
ity of developing tumors was comparable to the 
probability in the gavage study if one includes the 
tumors found at terminal sacrifice (104 weeks in the 
inhalation bioassay). Thus, the gavage study is dis¬ 
tinguished from the inhalation study by lower doses, 

Table VI. A Comparison of Two Carcinogenicity Bioassays: 


Gavage and Inhalation 


Controls 

Low dose 

High dose 

Gavage 




Dose" 

0 

5.37 

6.66 

Response (crude) 

0/20 

30/50 

25/49 

P (response) 6 

0.0 

0.61 

0.75 

Weeks on study 




Mean 

53 

45 

31 

Median 

49 

47 

36 

Inhalation 




Dose" 

0 

9.56 

38.24 

Response*" (crude) 

0/20 

2/48 24/48 

39/49 

P (response) 6 

0.0 

0.05 0.65 

0.91 

Weeks on study 




Mean 

103 

98 

76 

Median 

104 

104 

80 


"Doses are in mg/kg/day averaged over the lifetime, convened to 
human equivalent using surface area as the basis for intcrspccies 
scaling. 

* Kaplan-Meier probabilities. 

r Response rates for Jow*dose rats in the inhalation study were 
derived excluding (2/48) and including (24/48) tumors found at 
terminal sacrifice. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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a higher carcinogenic potency manifested as much 
shorter latencies, and greater subchronic toxicity. 

The high carcinogenic potency in the gavage 
bioassay was driven largely by the shortened laten¬ 
cies. Adjusting for latency was especially crucial for 
accurately estimating risks to those whose exposure 
began late in life. Since even those models incorpo¬ 
rating latency period produced larger gavage-based 
risk estimates than models fitted to the inhalation 
data, it is possible that extrapolating from the inhala¬ 
tion bioassay underestimates the effects of EDB in 
humans. That is, humans are potentially as sensitive 
as the most sensitive site, sex, and species observed in 
a bioassay using any route. When data from more 
than one route are available, a risk assessment for 
human exposure can be based on data from the same 
route of exposure as that of the humans, if this same 
route leads to a positive dose-response and other 
factors are equal (e.g., statistical power of the study, 
species or strain sensitivity). If, however, bioassay 
data using a route different from that of the human 
exposures show a higher potency, these data should 
not be rejected outright. In the interest of protecting 
the public health, the bioassay data showing the 
higher potency should be considered carefully, in 
conjunction with pharmacokinetic data that may shed 
light on species and route differences. 

4.3. llnterspecies Conversion 

As demonstrated in Table VI, the mg/unit 
surface area basis for scaling doses between animals 
and man yields higher risks for humans than the use 
of mg/kg body weight. Thus, even the one-hit model 
would have predicted risks compatible with the 
workers’ mortality, had body weight been used as the 
scaling factor. In a comprehensive review of the 
interspecies scaling issue, Davidson et a/. (33) conclude 
that surface area scaling is most likely to provide the 
correct, scaling for carcinogenicity because toxico¬ 
logic, metabolic, and pharmacokinetic data correlate 
best when body weight is raised to the power 2/3 or 
3/4. V/ith respect to EDB, two lines of argument 
lead to the conclusion that surface area is likely to be 
the appropriate basis, (i) EDB acts as a carcinogen at 
sites apart from point of contact; based on experi¬ 
mental data, at least one pathway involves activation 
by the cytochrome P-450 mixed function oxidase 
system/ 341 (ii) Contact-site tumors were the most 
sensitive site for EDB, and the surface area of this 
target site is proportional to the body surface area. 


5. GENERAL IMPLICATIONS 

While the relationship between the quantitative 
aspects of laboratory animal carcinogenesis and hu¬ 
man carcinogenesis remains to be delineated, there is 
evidence that the two may not be far apart for at 
least some agents. Rowe and Springer (35) showed 
animal-based estimates of asbestos-induced carcino¬ 
genic potency to be within the range of human-based 
estimates from several studies. Similarly, animal- and 
human-based estimates derived for the carcinogenic 
potency of benzene (36) and gasoline (37) were re¬ 
markably close. An analysis similar to the one pre¬ 
sented here indicated compatibility between a risk 
assessment for ethylene oxide based on rat mono¬ 
nuclear cell leukemias and leukemias observed in two 
cohorts of workers involved in the manufacture of 
ethylene oxide. (38) Crouch and Wilson compared" 
potency estimates based on human data to estimates 
based on rat and mouse data, and found that in 
about 2/3 of the comparisons, the estimates differed 
by less than one order of magnitude/ 391 These find- . 
ings are in direct contradiction to the claims of some 
scientists* 3 ’ 4 * 7 ’ 81 that animal-to-human extrapolations 
have no scientific basis. 

In response to reports of a high correlation 
between rat and mouse carcinogenic potencies/ 39 " 411 
Bernstein et alS A2) have shown that rat-mice potency 
correlations are an artifact of the way doses are 
determined for the bioassays. Since human doses are 
not established by experimental protocol, similar 
potencies for animals and humans are unlikely to be 
an artifact. 

The present paper adds further empirical evi¬ 
dence that quantitative data from animal carcinogen¬ 
icity studies are a reasonable basis for estimating 
human cancer risks, and that linear nonthreshold 
additive models provide a practical means for such 
risk estimation. This should not be construed to 
mean that human and animal data will necessarily be 
consistent. Species differences for some compounds 
are supported on both theoretical and empirical 
grounds. When comparing bioassays of the same 
chemical performed in different species, 
potencies may differ by more than an order of magni¬ 
tude/ 39 '’ 41 ’ 43 '^ On the other hand, even if the true 
carcinogenic potencies for two species are close, the 
estimated potencies may not be. This is because 
assumptions are required wherever the data are lack¬ 
ing. 

Well-conducted epidemiologic studies of those 
occupationally exposed to compounds present at 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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much lower levels in the environment provide crucial 
information to environmental health professionals 
and risk assessors. Even when such studies yield 
negative results in a hypothesis test, they can serve as 
a check on the plausibility of animal-based risk 
estimates. Clearly inappropriate models or assump¬ 
tions can be discarded, and greater confidence can 
then be placed in the final risk assessment. Towards 
thiis end, occupational studies require more attention 
to exposure estimation than has generally been the 
case in the past, and continuing follow-up of exposed 
cohorts. Twelve years have passed since the closing 
date of follow-up in the study by Ott et alS n) While 
we urge the collection and analysis of such data, we 
would also emphasize that even in the absence of 
human data, the continued use of animal data is 
appropriate. 

The field of carcinogenic risk assessment is in its 
infancy. The primitiveness of methodology echoes 
the lack of a clear theory of carcinogenesis. However, 
the gaps in knowledge and the uncertainties in meth¬ 
ods do not constitute sufficient justification for 
abandoning efforts to provide the public with plausi¬ 
ble upper bounds for cancer risks due to environ¬ 
mental chemical exposures. For a large number of 
such exposures, these estimates will necessarily be 
based on animal data. When quantified human ex¬ 
posure data are available and are related to cancer 
risk, these data can be useful either as a basis for 
extrapolation or as a standard for assessing the 
plausibility of risk estimates based on animal data 
alone. 


6. SUMMARY 

Critics of cancer risk projections based on animal 
bioassays frequently make reference to negative epi¬ 
demiologic findings, and to reports such as that by 
Ramsey et alS 2) The analyses presented here demon¬ 
strate that low-dose extrapolations using linear non¬ 
threshold additive models are not intrinsically dis¬ 
crepant with epidemiologic observations of cancer 
mortality. 

Additive risk models fitted to data from both 
gavage and inhalation bioassays predicted risks that 
were plausible when compared to published data 
from an epidemiologic study of EDB-exposed work¬ 
ers. However, in rats, EDB is a more potent carcino¬ 
gen by gavage than by inhalation, with the higher 
potency manifested in shortened latency periods. Be¬ 
cause of the shortened latency period, only models 
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incorporating age at start of exposure were ap¬ 
propriate for the purpose of applying a risk assess¬ 
ment based on the gavage data to workers whose 
exposure began late in life. Application of a multi¬ 
plicative model gave implausibly high risk estimates 
when using lung cancers, though this may have been 
due to the choice of the wrong target site in humans. 
Thus, the previously reported overestimate of risk to 
workers occupationally exposed to EDB was due to a 
failure to consider their age at start of exposure when 
extrapolating from an animal bioassay with an ex¬ 
ceedingly short latency period. 

In the absence of viable alternatives, the results 
of this investigation support continued use of animal 
extrapolations to predict human cancer risks from 
environmental chemicals. Epidemiologic data with 
quantified exposure estimates can serve as an em¬ 
pirical standard for assessing the plausibility of ex¬ 
trapolation models. Linear nonthreshold additive 
models have been shown to provide plausible upper 
bounds when applied with due consideration to the 
quality of the data from the animal bioassays. 
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INTRODUCTION 

Workers, in the agricultural industry are exposed to an 
exceptionally wide variety of inhaled panicles. These include 
fertilizers, pesticides, and herbicides as well as resuspended 
soil. Moreover, the composition of the soil (for example, the 
fraction which is free silica) varies from place to place. Other 
workers are exposed to complex grain dusts, such as that 
coming from various cereal grains (wheat, barley, rye, oats, 
com), as well as various contaminants such as insects, mites, 
rodent debris, and fungi. This wide array of complex dusts 
presents problems in assessing the potential risk of various 
occupational exposures in agriculture. 

In order to understand such exposures, it is possible to 
measure responses at the molecular, cell, organ, or organismic 
level. All approaches reflect the need to evaluate the toxicol¬ 
ogy of materials to which agricultural workers are exposed so 
that we can take appropriate preventive action. Government, 
unions, and industry now face the difficult task of assessing 
the toxicology of a wide variety of new chemicals and espe¬ 
cially complex mixtures. The creativity of chemists who 
synthesize new compounds, the availability of new technolo¬ 
gies, and finally the competitiveness of agriculture ensure that 
there will be a continuing stream of new aerosol exposures 
whose potential for damage must be assessed. Since they are 
new, epidemiology fails to provide information about health 
effects. Nevertheless, a guide to potential toxicity is needed to 
help design both appropriate control strategies and medical 
surveillance studies for humans employed in agriculture. 

How can the risk of human pulmonary disease caused by 
exposure to complex and often poorly characterized dusts in 
the agricultural industry be predicted? Risk assessment may 
include: (1) air monitoring and physical and chemical charac¬ 
terization of collected dusts; (2) epidemiologic studies of 
humans; (3) controlled experimental exposures of humans in 
the laboratory; (4) chronic lifetime animal studies; (5) short¬ 
term animal b:ioassays; and (6) in vitro tests of mammalian 
cells. This papsr emphasizes the fifth method of analysis and 
discusses the use of short-term animal bioassay systems to 
determine the health effects of inhaled particulates. 

Animal studies have numerous advantages since ethical 
problems are minimized. The possibility of more serious 
disease can be assessed, and there are few limits to the 
invasiveness of the diagnostic procedures used. For example, 
long-term inhalation exposures of animals, followed by func¬ 
tional or histopathological studies of their lungs, have been 
used to study asbestos, 1 crystalline silica, 2 and coal dust. 3 A 
problem is that such studies are costly and time consuming. A 


typical lifetime study in rodents costs between 0.5 and 3 
million dollars and may take 3 to 5 years to plan and complete. 
It is also difficult to obtain quantitative estimates of toxicity 
using standard pathological analyses. Morphometric meas¬ 
ures based on extensive sampling of lung tissue as well as 
physiological or biochemical assessment may be required. 

Clearly, there is a need for short-term tests. If large num¬ 
bers of materials are to be analyzed, it is essential to have 
assays that are relatively inexpensive and that yield results in 
weeks or months, not years. Many investigators have pro¬ 
moted the use of in vitro assays to assess the potential toxicity 
of inhaled aerosols. 4 * 7 In vitro systems have advantages of 
reproducibility, cost, and specificity. Several tissue culture 
systems have been developed. 8 ’ 9 However, because the human 
pulmonary response to inhaled particles is the result of com¬ 
plex interactions involving many different cell types within 
the lung, the results obtained may be spurious. For example, 
inflammation involves recruitment of neutrophils, platelets, 
and serum proteins to the injured lung. Fibrogenesis involves 
the action of fibrogenesis-stimulating factors secreted by one 
cell (e.g., a macrophage) on another cell (a fibroblast). These 
essentia] interactions are rarely reproduced in any in vitro 
system. 

Short-term in vivo assays can be considered as an alterna¬ 
tive to short-term in vitro tests, because the short-term re¬ 
sponse of small animals to dusts is sufficiently similar to the 
human response to have predictive values when properly 
calibrated and interpreted. The major mechanisms of lung 
injury 10 are common to most mammals. 

THE HAMSTER BIOASSAY 

The hamster bioassay features the use of bronchoalveolar 
lavage (BAL). During the last decade, BAL has been used 
increasingly to assess lung injury in animals and man. BAL 
has been employed to discriminate among toxic agents such as 
metal salts or mineral dusts. 11,12 Key issues in the application 
of BAL to inhalation toxicology are the specificity and sensi¬ 
tivity of the procedure. What is the smallest amount of dust 
which causes a measurable response? More important, what is 
the ability of BAL to discriminate among dusts of varying 
toxicities and those producing different resulting lesions? To 
what extent does BAL have predictive value? Can one exam¬ 
ine acute events and describe long-term irreversible chronic 
changes? 

We have developed a short-term (1 to 30 d postexposure) 
animal bioassay system in which the toxicity of a particular 
dust may be estimated by comparison to know'n dusts with a 


N 

a 

m 

m 

m 


39 


f 


seei sbb jmaza 


JU/U 


JUUU 


I 


40 Principles of Health and Safety in Agriculture 


demonstrated range of toxicities for human pulmonary dis¬ 
ease. We employ hamsters exposed to dusts by either inhala¬ 
tion or by intrat racheal instillation 13 and quantify the response 
by measuring biochemical and cellular indicators in BAL 
fluid. The parameters measured represent a wide spectrum of 
possible responses to inhaled particles, including inflamma¬ 
tion, pulmonary edema, cellular damage, cellular secretion, 
and endocytic capacity of pulmonary macrophages. We have 
calibrated the system with dusts for which there is consider¬ 
able human experience. Cellular and biochemical changes 
were measured in BAL of hamsters after exposure to a-quartz, 
iron oxide, and aluminum oxide. 12 a-Quartz is a highly toxic, 
fibrogenic mineral dust, whereas aluminum oxide and iron 
oxide are both of low toxicity. 

One day after exposure, the levels of ^-rY-acefylgJucos- 
aminidase were significantly elevated by exposure to the 
0.75- and 3.75-rng doses of all three dusts (see Figure 1). 
However, the response to a-quartz was greater than the 
response to the other two dusts, especially at the highest dose. 
(3-W-acetyIgIocosarninidase is an example of a lysosomal 
enzyme that is released from cells during phagocytosis, cell 
injury, or ceil death. w Polymorphonuclear neutrophils 
(PMNs), 14 macrophages, and type II cells 15 all contain acid 
hydrolases. Excessive release of lysosomal enzymes may 
elicit unwanted proteolysis from cathepsins or membrane 
destruction by phospholipases. 

a-Quartz also elevated albumin levels in lavage fluid at 
both 0.75- and 3.75-mg doses as shown in Figure 2. The 
highest dose caused a more than 40-fold increase above 
control levels. Aluminum oxide and iron oxide were also 
associated with an increase at 3.75 mg, but albumin levels 
clearly distinguished between these relatively nontoxic dusts 
and the highly fibrogenic a-quartz. Albumin is primarily a 



FIGURE 1. Dose-response curve for fLV-acctylg!ucosaminidase 1 d 
after instillation of panicles, p <0.01 for all points except 0.75 mg iron oxide 
and 0.15 mg aluminum oxide (p <0,05), and 0.15 mg a-quartz (not 
significant). Values are mean + standard errors. (Adapted from Beck, B. D., 
Brain, J. D., and Bohannon, D. E., Exp. Lung Res., 2, 289, 1981. With 
permission.) 



FIGURE 2. Dose-response curve for albumin in extracellular supernatant 
of lung lavage fluid 1 d after exposure to iron oxide, aluminum oxide, or 
a-quartz. The Wilcoxon rank-sum test was used to compare experimental* 
and saline-only controls, p <0.01 for all points except 0.75 mg aluminum 
oxide and all 0.15-mg samples (not significant). Values represent mean ± 
standard errors. (Adapted from Beck, B. D., Brain, J, D., and Bohannon, D. 
E., Exp. Lung. Res., 2, 289,1981. With permission.) 

serum protein whose presence in BAL is due to passage across 
damaged endothelial and epithelial barriers. Albumin is usu¬ 
ally the most abundant protein in BAL.' 6 - 17 Elevated albumin 
levels indicate pulmonary edema, a common manifestation of 
acute pulmonary injury. 12 ' 18 

Figure 3 illutratres that a-quartz also causes depressed 
macrophage function. The lambda values shown are the 
fraction of radioactive gold colloid which was ingested 90 min 
after it had been instilled through the trachea. Brain an<t 
Corkery 19 provide details of this assay which estimate the 
endocytic activity of macrophages in rftw. At adose of 3.75 mg 
of a-quartz, less than 30% of the gold was ingested; iron oxide 
and aluminum oxide have no significant effect on lambda. 

The full bioassay includes a number of other parameters 
such as peroxidase, elastase; hemoglobin, as well as the 
numbers of erythrocytes, neutrophils, and macrophages. An 
essential aspect of bioassays like this is to compare the 
responses of unknown dusts with other well-characterized 
standards. Both positive and negative controls should be used. 
The best calibrating materials would be those for which there 
is a considerable experience in humans such as the dusts 
shown in Figures 1 to 3. Then the type and intensity of 
response for a new unknown dust could be compared to these 
standards. 

A key feature of assays utilizing lung lavage is the time 
course of the response. Some agents will yield similar re¬ 
sponses when examined soon after exposure. However, the 
more toxic material may frequently exhibit a more persistent 
change in the cellular and enzymatic parameters than nontoxic 
controls. For example, there was a prolonged elevation in the 
numbers of macrophages and PMNs with quartz, but not with 
iron oxide. PMN numbers in the lung lavage fluid were 
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FIGURE 3. Dose-response curve for lambda assay 1 d after exposure to 
iron oxide, aluminum oxide, or a-quanz, The Wiicoxon rank-sum test was 
used to compare experimentais and saline oniy controls, p <0.01 for 0.75 and 
3.75 mg a^uanr, 0.75 mg aluminum oxide;/? <0.05 for 0.15 mg iron oxide. 
Values represent mean ± standard errors. { Ada$*cd from Beck. B. D., Brain, 
J.D.,and Bohannon, D.E.. Exp. Lwg.Rcf., Z 289. 1981. With permission.) 

highest 4 d after exposure to a-quartz, although after 2 weeks 
they still had not approached control levels. 12 

A somewhat different pattern was observed for lactate 
dehydrogenase (LDH) in lavage fluid. This is a cytoplasmic 
enzyme involved in energy metabolism; its extracellular re¬ 
lease is associated with cell injury or death. LDH levels in lung 
lavage fluid were highest 1 d after exposure to both iron oxide 
and a-quartz. In time, LDH levels declined signficantly in the 
quartz-exposed animals and only slightly in the iron oxide- 
exposed animals. Nevertheless, the levels in the quartz ani¬ 
mals remained higher than those in the iron oxide-exposed 
animals at all times. These effects were observed at relatively 
low' levels of quartz compared to levels used in animal models 
of chronic silicosis. 

Application of this system to dusts produced by the erup¬ 
tion of Mt. St. Helens volcanic ash suggested that volcanic ash 
has low to moderate toxicity. 20 We concluded that adverse 
health effects in human populations are unlikely except with 
high or prolonged exposure. Surfactant levels in B AL in rats 
after quartz and Mt. St. Helens volcanic ash exposure have 
been studied by Martin and co-workers. 21 Quartz causes a 
prolonged elevation in PMN numbers and surfactant levels. 
The effects were much less marked with volcanic ash than 
with quartz. These observations are consistent with histopa- 
thological studies of lungs of exposed animals which demon¬ 
strated much greater fibrogenicity of a-quartz than of vol¬ 
canic ash. These studies show the usefulness of BAL in 
providing a rapid evaluation of the toxicity of poorly charac¬ 
terized samples. Useful results can be obtained even when 
chemical analyses of epidemiological studies are not avail¬ 
able for toxicity estimates. 


IDENTIFYING SOURCES OF DAMAGE 
INDICATORS: LDH ISOENZYMES 

We are searching for other ways of making the assay more 
interpretable. As discussed earlier, LDH is released from cells 
in response to toxic particles. However, if LDH is recovered 
in the cell-free supernatant of lung lavage fluid, where does it 
come from? Is the source inflammatory' cells (macrophages or 
PMNs), serum, epithelial cells, or endothelial cells? Beck et 
al 22 have used isoenzyme analysis to infer the sources of 
LDH. 

To differentiate among types of injury, we monitored 
changes in LDH isoenzyme patterns in BAL after a range of 
injuries: a-quartz, hyperoxia, the detergent Triton X-100, and 
SO r The LDH isoenzyme patterns in BAL were evaluated and 
compared with patterns from hamster lung homogenates, red 
blood cells, macrophages,PMNs, type II cells, and serum. The 
isoenzyme pattern in BAL from quartz-exposed animals 
resembled that of the PMNs and macrophages, suggesting 
phagocytic cell death. In contrast, BAL from Triton X- 
100-treated animals had an isoenzyme pattern similar to that 
of the lung homogenate and red blood cells. Exposure to 100% 
0 2 for4 d produced an isoenzyme pattern similar to serum, an 
observation consistent with the demonstrated effects of 0, on 
the capillary endothelium. 

Figure 4 presents graphically the percentage of each LD 
isoenzyme from serum or from lung lavage fluid of Syrian 
golden hamsters exposed to 100% 0 2 for 96 h. The distribu¬ 
tion of the five LD isoenzymes is similar and consistent w'ith 
the hypothesis that oxygen toxicity caused damage to the air- 
blood barrier. Serum LD and other serum proteins leaked into 
alveolar spaces and were subsequently recovered by lavage. 

In Figure 5 the LD pattern is shown for: (1) supernatant 
from BAL recovered from hamsters exposed to iron oxide 
aerosol and (2) hamster peritoneal PMNs. The LD patterns 
showm in Figure 5 are markedly different from those seen in 
Figure 4. For example, there is little LD1 (<3%), but a great 
deal of LD5 (-60%). The similarity in pattern suggests that the 
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FIGURE 4. Comparison of LD isoenzyme patterns from hamster serum 
and from lung lavage fluid of hamsters exposed to 100% 0 ? for 96 h. 
(Adapted from Beck, B. D., Gerson, B., Feldman. H. A., and Brain. J. D.. 
Toxicol. Appl. Pharmacol.. 71,59, 1983. With permission.) 
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FIGURE 5. Comparison of LD isoenzyme patterns from hamster perito¬ 
neal PMNs and from lung lavage fluid of hamsters exposed to 3.75 mg iron 
oxide per 100 g body weight. (Adapted from Beck, B. D., Gerson. B., 
Feldman, H. A., and 13min, J. D., Toxicol. Appl. Pharmacol., 71,59, 1983. 
With permission.) 

LD could be coming from PMNs. Macrophages have a similar 
LD composition, so they also may be a source. 

AUTOMOBILE V/ASTE OIL COMBUSTION 
PRODUCTS 

This assay is particularly suited for analyzing new complex 
agents which are just being introduced into the environment. 
We have recently investigated the pulmonary toxicity of 
respirable particulates from an air-atomizing oil space heater 
using automobile waste crankcase oil (AWO). 23 A combus¬ 
tion sample was prepared from AWO from a service station by 
Dr. R. E. Hall of the U. S. Environmental Protection Agency, 
using an air—atomizing oil burner rated at 250,000 BTU/h heat 
input. Respirable particulates were collected from a dilution 
tunnel by electrostatic precipitation using a massive air vol¬ 
ume sampler. 24 Analysis of the particles showed certain met¬ 
als were present at relatively high levels, for example: Pb, 75.6 
mg/g; Zn, 23.0 mg/g; and Fe, 5.3 mg/g. 

At 1 d postexposure, there was extensive pulmonary injury 
as demonstrated by cellular and biochemical indicators in 
B AL: (1) elevated levels of albumin, (2) increased extracellu¬ 
lar glucosaminidase, and (3) impaired pulmonary macroph¬ 
age phagocytosis. The injury was often greater than that seen 
in response to toxic a-quartz. Some of the data obtained are 
shown in Figures 6 to 8. 

However, assays of BAL up to 14 d post-AWO exposure 
demonstrated that most indicators rapidly approached control 
values. This is in contrast to the persistent inflammation 
caused by a-quartz. As shown in Figure 9, LDH values 
approached control values at 2 weeks after intratracheal instil¬ 
lation of AWO. Following quartz exposure, the LDH level 
remains elevated. This suggests that the toxic effects of AWO 
stem from soluble components which are rapidly cleared. 
AWO may be less likely to cause chronic pulmonary disease 
than a-quartz unless exposure persists. Acute injury as mani¬ 
fested by bronchitis or increased susceptibility to infection 
may be a more likely outcome than fibrosis. 



FIGURE 6. Concentration of albumin in the cell-free supernatant of BAL 
fluid.The effects of iron oxide, a-quartz, and combustion products of AWO 
are shown 1 d after intratracheal instillation. Values are mean ± standard 
errors. (Adapted from Beck, B. D., Brain, J. D., and Wolfthal, S. F., Inhaled 
Panicles IV. Dodgson, J„ Ed., British Occupational Hygiene Society, 
Edinburgh, Scotland.) 



FIGURE 7. Concentration of (3-iV-glucosaminidase in the cell-free su¬ 
pernatant of lavage fluid after exposure to iron oxide, a-quartz, and AWO. 
Values are mean ± standard errors. (Adapted from Beck, B. D., Brain. J. D., 
and Wolfthal, S. V., Inhaled Particles IV, Dodgson, J., Ed., British Occupa¬ 
tional Hygiene Society, Edinburgh, Scotland.) 

By comparing the response to AWO with the response to 
the same doses of toxic a-quartz and nontoxic iron oxide, we 
conclude that the AWO combustion products have a high 
potential to cause acute lung injury. Both soluble and insolu- 
able components of AWO can produce lung injury. Some, but 
not all, of these effects are due to acidity and divalent cations, 
such as lead, which are present at high levels. 

CONCLUSION 

Experimental pathology has frequently advanced because 
of the addition of new diagnostic tools. During the last decade, 
BAL has emerged as a very useful tool in the assessment of 
lung injury. It is applicable to both animal models exposed to 
inhaled panicles and gases in a laboratory and to humans 
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FIGURE 8. The fraction of gold panicles, lambda ingested by 
macrophages in situ, is shown. Measurements were made 1 d after exposure 
to iron oxide, a-quanz, and AWO. Values are mean ± standard errors. 
(Adapted from Beck, B. D.. Brain, J. D., and Wolfthal. S. F., Inhaled 
Particles /V, Dodgson, J„ Ed., British Occupational Hygiene Society, 
Edinburgh, Scotland.) 



FIGURE 9. Time course for LDH in the extracellular supernatant fraction 
of lung lavage fluid after exposure to 3.75 mg iron oxide, a-quartz, or AWO 
per 100 g body weight. Values are mean ± standard errors. (Adapted from 
Beck, B. D., Brain, J, D., and Wolfthal, S. F., Inhaled Particles IV, Dodgson, 
J., Ed., British Occupational Hygiene Society, Edinburgh, Scotland.) 

encountering exposures to the same agents in occupational 
and urban environments. Information can be gathered from 
BAL relating to the extent and type of lung injury and the 
mechanisms involved. Needed are more extensive compari¬ 
sons of injury as judged by other approaches with the results 
of BAL. For example, short-term bioassay results can be 
integrated with industrial hygiene and epidemiology results as 
was done in a rec ent study of talc and granite dusts. 25 It is also 
likely that other constituents of BAL can be quantified which 
will help make bioassays utilizing BAL more specific and 


sensitive. The use of BAL in short-term animal assays can be 
an important source of information regarding the toxicity of 
new and poorly characterized inhaled panicles. 
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Risk Analysis in Environmental and Occupational Health 


September 4,1991 


ARE YOUR MUSHROOMS SAFE TO EAT? 

Raw commercial mushrooms, obtained from the supplier of local food stores, have been tested in 
a bioassay (Toth and Erickson, 1986) similar to those used for synthetic organic chemicals. We 
can therefore perform a risk assessment on raw mushrooms similar in all respects to the risk 
assessments performed on synthetic organic chemicals. In the mushroom experiment, there was 
one control group of 50 mice for each sex and one experimental group of 50 mice for each sex, 
the former kept on a normal diet and the latter fed the material under test at an average rate of 
about 157,000 mg/kg-day for their lifetime (assuming mice weigh 30 g). Feeding of the dosed 
group was ad lib mushrooms (without other feed) 3 days/week, normal diet 4 days/week; while 
the control group received the normal diet. Average mushroom consumption was 11 
g/day/mouse during days on which mushrooms were the only food available (mushrooms are 
about 90% water). 

The experiment was continued for the natural lifetime of the animals, and no differences were 
seen in the lifetime of the dosed animals versus the control groups. However, the average 
weight of the dosed animals was substantially lower than the average weight of the control 
groups. There were increased incidences of tumors in several organs: 


Tumor site:type 

Sex 

Control Group 

Dosed Group 


Bone'.various 

F 

0/50 

8/50 

0.003 

Bone various 

M 

0/50 

8/50 

moiifli 

Forestomach:various 

F 

0/50 

19/50 

2.3 x 10‘ 7 

Forestomach:various 

M 

2/50 

14/50 

0.00094 

Livenhepatoma 

F 

0/50 

4/50 

0.059 

Liver:hepatoma 

M 

1/50 

6/50 

0.055 

Lung:AII tumors 

F 

13/50 

20/50 

0.1 

LungiAdenoma 

F 

6/50 

12/50 


Lung:4denocarcinoma 

F 

7/50 

11/50 


Lung:AII tumors 

M 

17/50 

31/50 

0.0045 

Lung:Adenoma 

M 

12/50 

24/50 


Lung:Adenocarcinoma 

M 

9/50 

13/50 

0.23 


1 
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From these results we can construct the following estimates for potency (q, and q,*) in mice. 


Tumor siteitype 

Sex 

Qi (kg-d/mg) 

q,* (kg-d/mg) 

EloneiVarious 1 

F 

1.1 x 10" 6 

1.9x10** 

i 

EloneiVarious i 

M 

1.1 x 10* 6 

1.9x10** 

Forestomach:Various 

F 

3.0x10** 

4.4x10** 

ForestomachiVarious 

M 

1.8 x 10** 

2.9 x 10** 

LungiTotal 

F 

1.3x10** 

2.9 x 10** 

Lung:Total 

M 

3.5x1CT* 

5.8 x 10** 


Using the EPA methodology, the value chosen from these would be the highest value of q,* that 
corresponds to a statistically significant result — 5.8 x 10** kg-d/mg — and this value would then 
have to be extrapolated to humans using a surface area factor of (70 kg/30 g) 1/3 = 13.26. Such 
an approach leads to an upper bound estimate of carcinogenic potency in humans of 
7.7 x 10'* kg-d/mg. 

i 

What does this imply for eating' raw mushrooms in your salad? 

(1) A upper bound estimate of potency of 7.7 x 10* 5 kg-d/mg implies that the dose rate 
required to give an upper bound estimate of risk of 10** is 0.013 mg/kg-d, or about 23 g 
(0.82 oz) per lifetime. 

(2) A consumption of 1 oz/month (13.3 mg/kg-d) of raw mushrooms corresponds to an upper 
bound estimate of lifetime risk of 1 x 10* 3 . 

(3) According to Toth and Erickson (1986), estimated annual US consumption of these 
mushrooms was 340 x 10 s kg in 1984-1985. This was an annual average per capita 
consumption of about 55 mg/kg-d, corresponding to an upper bound estimate of lifetime 
risk of 4.3 x 10" 3 . Presumably not all the mushrooms would be eaten raw, but we have 
no idea what would be the effect on the carcinogenicity of the mushrooms of cooking 
them. 

(4) With the figures given in (3), the upper bound estimate of the annual number of cancers 
expected in the US to be due to mushrooms is about 8500! 


2 
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Comment 

Mushrooms are known to contain various compounds, including hydrazine analogs, that are 
mutagenic in vitro and/or carcinogenic in laboratory animals under certain conditions. An extract 
of mushrooms of the type tested has also been shown to be mutagenic. However, the spectrum 
of tumors found in this experiment on raw mushrooms was not what might be expected from the 
known carcinogenic compounds present in the mushrooms. Presumably there are different 
carcinogenic compounds are also present, or there was an interaction with other chemicals 
present. 


Referents 
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From: Science, Vol. 245, No. 4915, pages 269 - 276 (21 July 1989). 


The Rat as an Experimental Animal 

Thomas J. Gill III,* Garry J. Smith, Robert W. Wissler, Heinz W. Kunz 


The development and characterization of many inbred* 
congenic, and. recombinant strains of rats in recent years 
lias led to the cletailed genetic description of this species, 
especially in regard to its major histocompatibility com¬ 
plex. This information has contributed substantially to 
the study of comparative genetics and has greatly en¬ 
hanced die utility of the rat in a variety of areas of 
biomedical rematch* This article focuses on the use of the 
rat in inrnumogenetics, transplantation* cancer-risk as¬ 
sessment* cardiovascular diseases, and behavior. 


T he rat is a. major experimental animal in transplan- 
tation, immunology, genetics, cancer research, pharmacolo¬ 
gy, physiology, ncuroscienccs, and aging. The strains and 
randomly bred stocks that have been used almost exclusively arc 
derived from the Norway rat (Rattus norvegicus), which is thought to 
have originated ini the area between the Caspian Sea and Tobolsk, 
extending as far east as Lake Baikal in Siberia. It spread to Europe 
and the United States with the development of commerce in the 
18th century, and by the middle of the 19th century it was being 
used extensively for studies in anatomy, physiology, and nutrition. 
The first inbred lines were developed at the beginning of the 20th 

21 july 1989 


century by H. H. Donaldson, W. E. Castle, and their colleagues for 
studies in basic genetics and in cancer research (1). Further develop¬ 
ment and genetic characterization of inbred, congenic, and recombi¬ 
nant strains occurred in the United States, Japan, and Czechoslova¬ 
kia (2), and several reviews have documented these developments in 
detail (3-5). In addition to its experimental uses, the rat has a 
worldwide economic and medical impact, since it destroys one-fifth 
of the world’s crops each year, carries many diseases that arc 
pathogenic for humans, and kills many children by direct attack 
(*). 

This review will focus on current work utilizing the rat in 
immunogenetics, transplantation, cancer-risk assessment, cardiovas¬ 
cular diseases, and behavior. In these areas of research, the rat has 
the advantage of being a well-characterized, intermediate-sized 
rodent without the disadvantages, both scientific and economic, of 
larger animals and without many of the technical disadvantages of 
smaller rodents. 
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Immunogenetics 

Considerable effort has been expended in recent years to develop 
and characterize inbred, congenic, and recombinant strains of rats, 
and a wide variety of these genetic resources is now available (3, 4, 
7-9). Several compilations of basic data have been assembled (5), 
and current developments are regularly updated in the Workshops on 
Alloantigenic Systems of the Rat (10) and in the Rat Newsletter (11). This 
work has also provided insight into the comparative genetics of the 
major histocompatibility complex (MHC) and of MHC-linked 
genes affecting grovrth and development. The level of polymor¬ 
phism of MHC andgens in the rat is very low compared to that of 
other species; the class I antigens have been most extensively 
studied. Nonetheless, the resistance to disease, reproductive capaci¬ 
ty, and ecological stability of the rat do not differ from those of other 
species. Hence, the: biological significance of MHC polymorphism 
remains a mystery. 

The structure of die MHC in the rat (RT1) based on data from 
serological, molecular, and functional studies is shown in Fig. 1 (3, 
12, 13). The general organization of the class I and class II loci is the 
same as in the mouse but different from that in all other species 
studied: the class Ii loci are interspersed between class I loci rather 
titan following them sequentially (14). This observation indicates 
that (i) the rat and the mouse formed separate genuses after the 
divergence of the prctotypic Muridae, (ii) the evolutionary conser¬ 
vation of the MHC persists despite internal rearrangements, and 
(iii) the function of these loci does not depend, at least to a first 
approximation, on their specific order or on their polymorphism. 

The RT1 .A and RT1.E loci encode classical class I transplantation 
antigens and appeal’ to be the homologs of the mouse H-2K and H- 
2D lod. There are several other class I loci in the vicinity of RT1.A , 
and the best defined are the diallelic RT1.F and Pa (pregnancy- 
associated) loci (3, 13 y 16). The antigen encoded by the Pa locus was 
first identified on tile surface of the basal trophoblast in the 
allogeneic WF (u) X l)A(a) mating by alioantisera and by monoclo¬ 
nal antibodies made by the WF mother (17). This antigen carries an 
epitope that is broadly shared among other class I antigens, but does 
not have the allele-specific epitope of a classical class I transplanta¬ 
tion antigen. Immunohistochemical and electron microscopic stud¬ 
ies (18) showed that Ixith the Pa and A a antigens are also on most 
somatic tissues and that they are carried by separate molecules. The 
mapping of the A, F, and Pa loci is based on the use of various 
combinations of inbred, congenic, and recombinant strains; a 
number of monoclonal antibodies; and specifically designed al- 
loantisera. No recombinants among these loci have yet been found, 
but immunoprecipitati on and peptide mapping studies have demon¬ 
strated that they are separate molecules: hence, the order of these 
loci in Fig. 1 must be considered tentative. The RT1.G and RT1.C 
loci encode class I antigens that appear to be homologous to the 
mouse Qa/TL antigens, but these loci have not yet been well 
characterized (19). 

The class II loci RT1.B and RT1.D were detected serologically 
and by molecular analysis (3), whereas RT1.H has been detected 
only by molecular andysis (12). The B and D loci appear to be 
homologous to the mouse A and E loci, and the H locus appears to 
be homologous, in part, to the mouse 4/Ap3 pseudogene and the 
human HLA-DP locus. 

The growth and reproduction complex (gre) is closely linked to 
the MHC (20). In the homozygous state, it is semilethal in males 
and females, causes small body weight in both males and females 
(dw-3), and causes male sterility and reduced female fertility (ji). 
These defects are similar to some of those associated with the t 
haplotypes in the mouse, but the gre is not homologous to the t 
genes since it does not cause segregation distortion or suppression 
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of recombination (3, 20). The fertility defect occurs at the same stage 
of gametogenesis in both males and females: there is complete arrest 
of spermatogenesis at the primary spermatocyte stage, and a partial 
defect in the maturation of the primary ovarian follicle. The gre acts 
at an early stage of meiotic prophase I; it is not associated with any 
known chromosomal or hormonal abnormality; and it increases 
susceptibility to chemical carcinogens in both males and females 
(21). Its effects are probably due to the deletion of a segment of the 
chromosome dose to the MHC (22). If so, then the increased 
susceptibility to cancer may be due to the loss of cancer suppressor 
genes, or anti-oncogenes, as in retinoblastoma and Wilms’ tumor in 
humans (23). Hence, these animals may provide a unique system in 
which to study the genetics of susceptibility to cancer. 

The homozygous gre genotype (20 to 25% in utero mortality) can 
interact with the heterozygous Tal/4- gene, which is a recessive 
lethal gene on a different chromosome. The Tal gene is not lethal in 
the heterozygous state but, when homozygous, causes the death of 
all embryos at 10 to 14 days of gestational age (24). This demonstra¬ 
tion in mammals of a lethal epistatic interaction, which is the 
interaction between genes on different chromosomes, provides a 
useful system in which to study gene interaction during develop¬ 
ment. 

Molecular analysis has delineated the major regions of the rat 
MHC on the basis of restriction fragment length polymorphisms 
(RFLPs) (13, 22, 25). There are approximately the same number of 
dass I-hybridizing fragments of DNA as in the mouse (26), despite 
the much lower level of serological polymorphism in the rat (3). The 
dass II loci have not been examined in any detail yet, but there is a 
“hotspot” of recombination in the RT1.H region. 

The biochemical comparisons among the rat, mouse, and human 
MHC class I and class II antigens are summarized in Table 1. The 
amino acid sequences of the rat dass I and class II antigens are more 
homologous to those of the mouse than to those of the human, 
although both levels of homology are fairly high. The homology 
among antigens encoded by the same class I locus is the same in the 
rat and the mouse, and both are lower than in the human. The 
homology between antigens encoded by different class I loci of the 
same haplotype is much higher in the rat than in the mouse or the 
human, whereas the interlocus homology for the dass II antigens is 
approximately the same for all three genuses. When one compares 
the rat with the mouse and the human the most striking difference is 
in the number of serologically defined dass I and dass II antigens. 
This difference has been documented most extensively for the class I 
antigens in both inbred (3) and wild (27) populations; it has been 
less extensively studied for the dass II antigens. The class I and class 
IE antigens present in both the inbred and wild populations are 
serologically and functionally indistinguishable, and there is a high 
degree of linkage disequilibrium among the loci in the MHC of the 
rat (27). 

The difference between the rat and the mouse and human in the 
serological polymorphism of their dass I antigens stands in contrast 
to the similarity of their RFLP patterns (20 to 36 class I- 
hybridizing fragments) (3, 22, 25). This observation might reflect a 
similarity in the total number of class I genes in all three genuses but 
a difference in the number of functional genes. The situation with 
the dass II loci in the rat appears to be the same: their serological 
polymorphism is very low but their RFLP is high (3, 12). Thus, the 
rat is an extremely useful animal in which to study the control of the 
functional activity of MHC loci and the biological consequences 
thereof. 

The limited MHC antigen polymorphism in the rat raises the 
question of what the biological significance of MHC polymorphism 
is (28). Neither the host defense mechanisms nor the reproductive 
capacity of the rat appear to differ from those of the mouse and the 
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human, and the rac has certainly prospered in an otherwise hostile 
environment (6). Current thinking assigns a central role to class I 
antigens in the presentation of foreign antigens to the host immune 
system and to class II antigens in the recognition of foreign antigens. 
If these are, indeed, the primary functions of the MHC antigens, 
then either the specificities of their antigen-recognizing structures 
are much broader than those of the antibody combining sites or the 
extent of their antigen-recognition repertoire is not reflected in their 
serological polymorphism. There is also the relevant, and intriguing, 
observation that the MHC polymorphism in the protochordate 
Botryllus is the same as that in the mouse and the human (29). Why? 
Only more extensive structural studies of MHC antigens at both the 
protein and DNA levels will provide the crucial insights into the 
biological significance of MHC antigen polymorphism. 


Transplantation 

The rat is the animal most often used in organ transplantation 
studies: its size makes surgical procedures feasible, provides large 
amounts of cells and serum, and allows serial biopsies of the 
transplanted organ to assess the rejection process. The advances in 
rat immunogerietics over the past two decades have enhanced 
considerably its usefulness in transplantation research. The rejection 
times of various organs in different strain combinations have been 
documented (5), and the roles of the different MHC and non-MHC 
antigens in this process (30) have been examined by the use of 
different combination of inbred, congenic, and recombinant strains. 
Such transplantation studies have been done with skin (7, 30), 
kidney (31), hesrt (32), bone marrow (33), liver (34), small bowel 
(35, 36), pancreas (37), and brain (38, 39). There are four major 
areas of current interest in experimental transplantation research, 
and the rat is the crucial animal in each of them: allotransplantation 
of the small bowel, heart, and liver; neural transplantation; xeno- 
grafting; and reproduction. 

Allografting. In systemic allotransplantation, grafting of the small 
bowel is the most pressing area of study (35,36). Loss of function in 
this organ occurs; in a variety of situations and at all stages of life: for 
example, congenital abnormalities, necrotizing enterocolitis, mesen¬ 
teric artery thrombosis, and trauma. The problems encountered 
include the proper preservation and restoration of the physiological 
function of this delicate organ. The immunological problems arc 
those of the host-versus-graft reaction by the recipient's immune 
system and the graft-versus-host reaction by the lymphoid tissue in 
the Peyeris patches of the graft. In this sense, small bowel grafting 
presents the same type of tissue matching problems as bone marrow 
grafting, but die offending T cells cannot be removed from the 
bowel graft as easily as they can from the bone marrow graft. 

Two other imj)ortant areas of research in allografting are heart 
grafting and liver grafting. The most critical issue in the long-term 
survival of cardiac transplant patients is the development of athero¬ 
sclerosis in the coronary arteries of the transplant (40). In humans, 
this process can lead to the loss of the transplant in 5 to 7 years, so an 
understanding of its pathogenesis will provide a cogent insight into 
its therapy. In human liver transplantation, the role of histocompati¬ 
bility (HLA) matching in the survival of the transplant has not been 
clarified, and there is the suggestion that under certain circum¬ 
stances matching can reduce the survival of the graft (41). The liver 
transplantation model has been well developed in the rat (34), and it 
should provide the appropriate system in which to explore these 
questions. 

Neural transplantation. The rat has been an important animal in the 
study of allogeneic and xenogeneic neural transplantation. Embry¬ 
onic neural tissue can be transplanted into neonatal and adult brains 
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where it can mature and integrate into the host brain. Both 
allografts and xenografts can survive for prolonged periods, but they 
are always susceptible to immune rejection either spontaneously or 
after challenge by related antigens or by mechanical trauma to the 
central nervous system (38). In the rejection process, however it is 
precipitated, the host astrocytes are induced to express MHC class I 
and class II antigens, and the control of such expression may be 
central to the acceptance of the neural transplant. Cyclosporine A 
can effectively prolong neural grafts (42). Recent studies in humans 
(43) suggest that grafts of neuroectodermal origin can be performed, 
but such grafts have not yet proven to be clinically useful for any 
significant period of time. The critical factors that affect the success 
of a neural transplant are the technique and site of the transplant, the 
amount of disruption of the blood-brain barrier, the size and source 
of the donor tissue, the vascularization of the transplant, the age of 
the host and of the donor at the time of transplantation, and the 
immunogenetic difference between host and donor. 

Studies in rats have shown that such transplants can reduce 
cognitive defects due to frontal cortex lesions (44), improve impair¬ 
ment of motor function in aged animals (45), and make functional 
connections in an allogeneic or xenogeneic setting (46). These 
studies are also providing insight into the immunological status of 
the brain and the immune reactivity in this organ and into the 
pathogenesis of focal neurodegenerative diseases (38). 

The potential value of neural grafts in clinical medicine lies in 
replacement of damaged neural circuits and in the replacement of 
cells making chemicals that modulate neural function. Neural circuit 
replacement might be used to treat trauma in adults and congenital 
neurological defects in children, and it is in the latter that long-term 
possibilities for the therapeutic use of neural grafting lie. The use of 
transplanted cells as a substitute for chemical replacement therapy is 
complicated by the fact that many of the diseases causing such 
deficits may have an autoimmune basis, so the transplanted cells 
themselves may fall victim to the underlying disease process. Much 
basic work must be done to clarify the immunological and neuro¬ 
physiological aspects of neural transplantation, the development of 
specific immunosuppressive regimens for neural transplants, and the 
pathogenesis of the neurodegenerative diseases for which it might 
be used as therapy. The effort is worthwhile, since transplantation of 
tissue into the brain is one of the most promising approaches to have 
come from experimental neurobiology as potential therapy for a 
variety of disorders involving damage to the central nervous system. 
Finally, the use of neural xenotransplants in humans is a distinct 
possibility (35), and the ethical dilemmas raised by this procedure 
must be examined. 

Xenografts. The use of grafts from animals of different families and 
genuses, xenografting, has been explored sporadically (47) and has 
recently had a resurgence because of the interesting basic immuno¬ 
logical questions that it raises and because of the possibility of the 
use of such grafts as neural transplants (38) and as temporary 
expedients (“bridging grafts”) in humans. 

Each xenograft system has its own peculiarities (47): thus, it is not 
possible, at the present time, to generalize about the nature of the 
immune response to xenografts. In order to explore systematically 
the immunobiology and immunogenetics of xenografting, three 
areas of resarch should be developed. First, xenoantigens should be 
identified and characterized. The relative immunogenicity of various 
xenografts should be studied in one donor-recipient combination in 
order to develop a coherent body of knowledge that can serve as a 
paradigm for other systems. The rat-mouse combination will be the 
most useful one to study initially, because both species are immuno¬ 
logical ly and genetically well defined. This research should explore 
(i) the possible existence of unique xenoantigenic systems, (ii) the 
role of donor xMHC antigens in eliciting an immune response to the 
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xenograft, (iii) the cumulative effect that weak antigenic systems 
have in xenograft: rejection, and (iv) the genesis and nature of 
“natural” or “preformed” antibodies. As an extension of this line of 
work, the role that the evolutionary distance between donor and 
recipient plays in the magnitude of the immune response to the 
xenograft should be examined. Second, the immune response to the 
xenograft should be analyzed systematically and in detail, including^ 
an investigation of th e origin and specificities of preformed antibod¬ 
ies. The latter study may provide some insight into methods for 
controlling their formation. Third, the mechanism of xenograft 
rejection should be compared to that of allograft rejection to 
determine whether die major differences between them are qualita¬ 
tive or quantitative. 

Reproductive immunology and genetics . This area has as its central 
theme the mechanism by which the fetal allograft survives (48). The 
rat is an important experimental animal for examining the nature of 
the trophoblast antigens and the genetic control of their expression. 
The allele-specific, class I transplantation antigens are not expressed 
on the trophoblast surface in allogeneic pregnancies, but they are on 
the surface in syngeneic pregnancies; in both types of pregnancies, 
they are present in the cytoplasm (18). The Pa antigen is expressed 
on the trophoblast surface and in the trophoblast cytoplasm in both 
allogeneic and syngeneic placentas; class II antigens are not ex¬ 
pressed in either type of placenta (18). This differential antigen 
expression may be an important factor in the maternal acceptance of 
the allogeneic placenta, Recent work shows that all of the class I 
antigens expressed in rite placenta are of paternal origin, and this is 
the first example at the antigen level of genomic imprinting, which is 
a critical process in reproductive genetics (49). The very low level of 
MHO antigen polymorphism in the rat is crucial to the discrimina¬ 
tion needed for these types of studies. 

Recessive lethal gen^s are important causes of fetal death in 
experimental animals, and they may play an important role in 
recurrent spontaneous abortion in humans (48, 50). The gre in the 
rat, as discussed above, provides a unique model system in which to 
study these effects. This area of research is an important bridge 
between the aspects of reproduction of primary interest in the field 
of transplantation and. the broader field of developmental genetics. 


Risk Assessmen t for Potential Carcinogens 

The rat has been used frequently for prediction of the effects of 
chemicals on humans (51). For studies of teratogenesis, the advan¬ 
tages of the rat include the ease of counting corpora Iutea when 
assessing the effects of chemicals on ovulation and implantation 
(52), a large litter size., a short gestation period, and a well-studied 
embryology. However, the susceptibility and sensitivity of rats to 
particular teratogenic agents may be low when compared with the 
mouse and the rabbit (52), and there are significant differences from 
man in the effects of chemicals on the fetus (53). In mutagenesis 
studies, the rat appears to offer little inherent advantage over several 
other species (54). It is in the field of carcinogenic risk assessment 
that the rat has played a prominent role and will continue to do so. 

Prediction of carcinogenicity for a given chemical is a major 
concern for governmen t, the chemical industry, and the public. The 
development of cancer usually involves, at some stage, an agent or 
agents foreign to the cell—including xenobiotics, radiation, and 
oncogenic viruses. Carcinogenesis is a multistep process frequently 
involving a genotoxic (DNA-altering) step resulting in the alteration 
of cell division, growth, and differentiation (55). Different chemi¬ 
cals, including some with similar structures, may work by different 
mechanisms, and the cellular differences among tissues further 
complicate the process. Often one, or sometimes more, specific 
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activated metabolite of a chemical may be the ultimate carcinogen 
(56); hence, different tissues and species of animals may respond 
differently to any given chemical based on their inherent metabolic 
patterns. The many unknown aspects of the induction of cancer, the 
long latency period between exposure and overt disease, and the 
potential for carcinogenesis at low' doses of chemicals have made risk 
assessment an extremely difficult exercise. 

Ultimately, it is epidemiologic studies of humans that will 
confirm the ability of an agent to cause human cancer (57), but such 
studies are usually performed only after exposure of large popula¬ 
tions. This situation has led to the development of carcinogenic risk 
assessment methodologies that utilize nonhuman test systems (55). 
Assessment of carcinogenicity involves long-term dietary, parenter¬ 
al, or topical application of the chemical to various mammalian 
species (55). The rat features prominently in such studies because of 
a favorable combination of small body size, ease of breeding, and 
relatively low spontaneous tumor rates. The choice of the strain of 
rats that is used is important in view of the variation in spontaneous 
tumor rates and different responses to chemicals among inbred 
strains (58). More recently, it has become apparent that such long¬ 
term bioassays may occasionally produce conflicting results, as 
occurred initially with vinylidene cWoride (59, 60 ), or may be used 
with agents such as arsenic that exhibit sufficient evidence of 
carcinogenicity in humans but limited evidence in animal tests (60). 
Furthermore, because the mechanisms of chemical carcinogenesis 
have become better understood and the potential for simultaneous 
exposure to several chemicals has become apparent, chemicals may 
in the future be assessed for their activity at different stages of the 
multistep carcinogenic process (61). 

The long-term application of a test chemical to animals will 
continue to be the fundamental method of carcinogenic risk assess¬ 
ment because short-term, and particularly in vitro, tests cannot 
mimic all of the aspects of animal metabolism and physiology (62). 
The long-term bioassays should be done over a large part of the life 
span of the species, starting in utero, in order to eliminate false 
negative results due to the prolonged latency of carcinogenic effects. 
In this respect, the rat is a suitable experimental animal because of its 
relatively short life span. 

In view of the important role played by metabolic enzymes in 
activating chemicals to reactive carcinogens, the question arises as to 
whether the rat is metabolically an appropriate substitute for 
humans. Crouch and Wilson (63), using the National Cancer 
Institute long-term bioassay data and a mathematical formula for 
carcinogenic potency, demonstrated that the ratio of potency be¬ 
tween humans and rats was, on average, within a fivefold range; 
however, for a given chemical it varied from 1500:1 to 0.02:1. The 
range of potencies was less divergent between mice and rats, 
although Bernstein et aL (64) have argued that this lack of divergence 
may be a statistical artifact inherent in the long-term bioassays. 
Purchase (65) analyzed 250 chemicals for carcinogenicity in rats and 
mice based on data from the National Cancer Institute, Internation¬ 
al Agency for Research on Cancer, and U.S. Public Health Sen/ice, 
and his analysis indicated that a chemical carcinogenic in one species 
had a 15% chance of not being carcinogenic in the other. These data 
emphasized the importance of testing chemicals in more than one 
species in long-term bioassays (58). The rat is clearly an appropriate 
choice for one of these species because so much is known about its 
metabolic and physiological patterns and because various classes of 
chemicals are carcinogenic for rats (53, 59). 

Recent studies on mechanisms of chemical carcinogenesis have 
demonstrated deficiencies in long-term animal carcinogenesis test¬ 
ing when it is used as the sole assessment criterion, because 
problems may occur with chemicals that are carcinogenic but that 
cause only moderate tumor incidence in a given tissue in different 
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species (59). Certain chemicals, notably epigenetic (non-DNA 
altering) ones, may affect a particular stage of die mulristep carcino¬ 
genic process initiated by another chemical without being them- 
selves active in a long-term bioassay when tested alone. These facts, 
together with the increasing costs and slowness of long-term 
testing, have forced consideration of assays that require less time. 
Weisburger and Williams (59) outlined a derision-point approach to 
testing whereby chemicals might be analyzed in four increasingly 
complex classes of carcinogenicity assessment. These classes are as 
follows: (i) Analysis of the structure of the chemical. This analysis 
considers the reactivity of the chemical and its metabolites based on 
structure (66). (ii) Short-term tests in vitro. A battery of tests is used 
including prokaryotic and mammalian mutagenesis systems and 
studies of direct effects on DMA and chromosomes, (iii) Limited 
bioassays in rivo. The formation of preneoplastic lesions or rapid 
tumor induction is assessed in selected species, (iv) Long-term 
bioassays in vivo. A positive result in these studies is increased overt 
tumor formation or tumor-induced death of the animal. 

For limited b ioassay procedures, the induction of breast cancer in 
female Sprague-Dawley rats and the induction of altered fori in the 
rat liver may be useful. Cellular and subcellular preparations from rat 
livers are also commonly used for metabolic activation of chemicals 
in short-term carcinogenesis and mutagenesis tests (67, 68). Cocul¬ 
ture of rat hepatocytes with liver epithelial-type cells has been 
reported to sustain high levels of hepatocyte, carcinogen-metaboliz¬ 
ing cytochrome P-450 enzymes (69). Such procedures may extend 
the utility of in vitro hepatocyte cell lines in toxicity testing. The 
comprehensive assessment proposal of Weisburger and Williams 
(59) is not an established procedure (58), but rather illustrates 
potential future directions for carcinogenic risk assessment. The rat 
plays an important role in short-term in vitro tests and in limited in 
vivo bioassays. 

The rat has been the most frequently studied species in the in vivo 
bioassay system of altered liver-focus induction. Research into the 
cellular events in the course of chemically induced tumor formation 
has characterized many of the changes that precede malignancy (70, 
71). Cell populations affected by the carcinogen generally appear as 
characteristically altered foci detectable by sensitive immunohis- 
tochemical reactions, and they appear much .earlier than tumor 
formation. Induction of such foci is not an unequivocal indicator of 
ultimate malignancy, and their significance in the development of 
malignancy is debated (70). Nevertheless, this assay has been 
proposed as a linked in vivo bioassay system in carcinogenicity 
assessment (59, 70, 72). Pereira and Stoner (73) have reported that 
the rat liver focus assay exhibited greater sensitivity and fewer false 
negatives that the strain A mouse lung adenoma assay [some 
limitations of which are discussed in (53)} in detecting genotoxic 
carcinogens. Pared! et al. (74) concluded that, at least for a small 
group of chemicals active predominantly in the liver, assays for liver 
focus and nodule formation were as accurate, and possibly more 
accurate, in detecting carcinogenicity than was the Ames test. 
Preneoplastic lesions have been studied in tissues other than the 
liver, but a systematic evaluation of their use in bioassays has not 
been reported (7.5). In view of the large amount of knowledge 
concerning liver flxus formation in the rat (72), it is dear that this 
species will featiare prominently in potential bioassay applications. 
Strains of rats atriying the growth and reproduction complex (gre), 
which is linked to the MHC, exhibit enhanced focus formation 
compared to wiM-type rats when exposed to chemical carcinogens 
(21, 76), and they ;ire candidates for development of highly sensitive 
liver-focus bioassays. 

In the future of carcinogenicity assessment, there is increasing 
interest in subdividing the carcinogenic process and studying indi¬ 
vidual stages. As more is learned about the multistep mechanisms, it 

2i july 1989 


may be possible to develop assays for the identification of agents 
that predispose cells to malignancy at specific steps in the process; 
one such system has already been described for the rat (61). With the 
increasing emphasis on genetic mechanisms in carcinogenesis, the 
availability of randomly bred, outbred, inbred, and congenic strains 
of rats (3-5) will make this species even more useful in risk 
assessment as well as in studies on the basic mechanisms of 
carcinogenesis. 


Cardiovascular Diseases 

The extensive body of knowledge regarding nutrition, endocri¬ 
nology, metabolism, and physiology; the detailed studies on anato¬ 
my and histology; and the convenient size of the rat make it a 
particularly useful experimental animal for cardiovascular research. 
Reproducible, genetically determined abnormalities have been dis¬ 
covered in rat populations that have proven useful in examining the 
cardiovascular effects of hypertension, obesity, diabetes, and other 
metabolic diseases (4, 77) and a variety of congenital abnormalities 
of the cardiovascular system (78). 

Early studies indicated that this species was quite different from 
humans in its serum lipid and lipoprotein constitution and that it 
was very difficult to produce sustained hyperlipidemia in the rat 
(79). Until approximately 1950, many attempts to produce athero¬ 
matous lesions in the rat had failed in spite of the extensive 
knowledge about the effects of nutritional manipulation in this 
species. Then, in the early 1950s simultaneous reports from three 
laboratories indicated that this resistance could be overcome under 
the proper experimental conditions (80-82). Each study was de¬ 
signed to capitalize on the newly emerging concepts of risk factors 
for atherosclerosis, and each utilized rats whose resistance to 
atherogenesis was diminished by unique ways of producing hyper¬ 
cholesterolemia. Hartroft and his colleagues (80) and Wissler and his 
group (81) fed rats special diets designed to raise their blood 
cholesterol levels and then induced hypertension or renal disease or 
fed the rats chemicals such as propyl thiouracil and sodium cholate. 
Maiinow and his associates (82) utilized particularly potent dietary 
imbalances plus thyroid-depressing agents to induce atherosclerotic 
lesions. Some of the major findings emerging from these studies 
were the greater involvement of the coronary arteries than of the 
aorta, the location of the aortic lesions in the proximal part of the 
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Fig. 1 . The major histocompatibility complex of the rat. □, Class I major 
(classical) transplantation antigens; the dashed squares, the class I medial 
transplantation antigens; O, class II antigens; •, loci controlling polymor¬ 
phic proteins (Glol, giyoxylase I; Acry-1, a-crystailin-I); and ♦, the loci of 
the^rc (ft, fertility; dw-3, dwarf-3). The loci indicated by brackets have been 
mapped to the regions indicated (Neu-1, neuraminidase-1; C, complement 
components). The evidence for this mapping is presented in ( 3 , 12 , 13 ). A 
cytogenetic study ( 15 ) has placed the MHC on chromosome 14 of the rat. 
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Table t. Amino add homologies between MHC dass I and dass II antigens of the rat and those of the mouse and the human (3, 14, 101). 


_ ^tentage homologies _ Approximate number of 

Type Comparison Rat compared to Allelic and interlocus homologies* serologically defined alleles* 



Mouse 

Human 

Rat 

Mouse 

Human 

Rat 

Mouse 

Human 

Class I Signal peptide 

85 

50 

68-73 (A) 

32-69 (K) 

85-95 (A) 

12(21) 

92 (K) 

24 (A) 

oti domain 

71-73 

68 


34-57 (£>) 

93 (B) 

2(E) 

63(D) 

52 (B) 

ct2 domain 
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67 
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Class XL 
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73-81 

56-59 (B:D) 

52-60 (A:E) 

64^66 (DR:DQ) 

10 ( B,D) 

74(A) 

20 (DR) 


72 (£) 9 (DQ) 

6 (DP) 


* Locus or lod compared given in parentheses. 


ascending thoracic aorta, and the additive influence of multiple risk 
factors (53). In subsequent studies this model was used to define the 
influences of various kinds of food fats ( 84 ) and of metabolic 
manipulations (55) and to delineate the ultrastructural features of 
these lesions (86). ‘fn the latter studies, the lesions resemble the foam 
cell lesions of the rabbit and of other animals in which the blood 
cholesterol had very high values and in which there was some degree 
of endothelial injury (57). The availability of a wide variety of 
genetically defined strains of rats will now allow studies such as these 
to be designed to explore the generic basis of the various risk factors 
involved in atherogenesis. 

Two inbred strains of rats are particularly useful for studying the 
pathogenesis of airdiovascular diseases: the SHR (spontaneously 
hypertensive) strain (55) and the BB strain, which spontaneously 
develops insulin-dependent diabetes mellitus (89). The SHR rats 
develop hypertension that increases with age; is more severe in 
males; leads to cerebral, myocardial, vascular, and renal lesions; and 
is responsive to sindhypertensive agents. The hypertension is a 
genetically transmitted trait that is most likely polygenic, and in 
well-maintained colonies all of the animals develop hypertension 
between 5 and 10 weeks of age. The inbred, genetically related 
WKY strain is often used as the normotensive control for the SHR 
strain. Stroke-prone (90) and obese (91) substrains of the SHR 
strain have been developed, but they are difficult to select and 
maintain because these phenotypic traits most likely have a polygen¬ 
ic basis. The onset of diabetes in the BB rats is rapid, occurs around 
90 days of age, affects both males and females, and is under 
polygenic control, one component of which is linked to the MHC. 
The clinical syndrome consists of hyperglycemia, hypoinsulinemia, 
ketosis, polyuria, glycosuria, and weight loss. Pathologic examina¬ 
tion shows selective inflammatory destruction of the beta cells of the 
islets of Langerhans in the pancreas, and the inflammatory process 
has a substantial immunological component. 


Behavior 

The rat has been used for studies in behavior since the rum of the 
century, and a substantial literature has emerged from these studies 
(92, 93). The investigation of the hereditary and environmental 
aspects of learning t>egan with the introduction of maze experiments 
by Small (94) and led to the development of “maze-bright 5 ’ and 
“maze-dull” lines of irats by selective breeding (95). Various emo¬ 
tional characteristics have been developed in rats by selective 
breeding (93, 96), and the role of different areas of the brain in 
behavior has been investigated by stimulation and by extirpation 
experiments (44, 45, 97). Finally, the effects of aging (93, 98) and of 
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various pharmacological agents, including alcohol (99) and narcotics 
(100), on behavior have been explored. 

These studies have provided insights into behavior and into its 
anatomic and physiologic basis and have led to the development of 
the field of experimental psychology. However, the lines of rats used 
were not developed according to the standard rules of genetic 
inbreeding, and they generally led, at best, to populations with a 
restricted genetic composition, relative to a randomly breeding 
population of rats, in which a certain phenotypic characteristic was 
prominent. This situation has complicated the more detailed genetic 
interpretation of much of the experimental literature on behavior, 
and it is particularly acute when examining the relative roles of 
heredity and environment in learning. One possible approach to 
developing appropriate strains of rats for behavioral studies may be 
to select partially inbred rats for their behavioral characteristics and 
then to breed them for these traits in the context of a mating scheme 
that would also continue the inbreeding. 


Concluding Remarks 

The rat is a major experimental animal in all fields of biomedical 
research and technology, and studies with it have provided much 
basic and applied knowledge. Its greatest utility has been in those 
fields broadly classified as experimental pathology and experimental 
surgery. The extensive work done on the immunology and genetics 
of the rat in recent decades has greatly enhanced its utility and has 
contributed substantially to the body of knowledge in immunoge- 
netics. As the constraints on the use of larger animals grow, the rat 
should provide an excellent alternative to their use. Such a change 
would also have the advantage of allowing more sophisticated 
studies to be designed, since so much is known about the biology of 
the rat, and this would greatly enhance the value of the experiments 
done. 
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Endpoints Other than Cancer 
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NON-CANCER ENDPOINTS 


There sire perhaps three considerations that distinguish the health risk evaluation process for 
cancer endpoints from that for non-cancer endpoints. 

I. While carcinogenic effects are thought to be linear with dose all the way to zero dose, for non¬ 
cancer endpoints there exists a threshold dose level below which no adverse health effects 
occur. This level is typically called the reference dose (RfD), allowable intake chronic (AIC), 
or no observed adverse effect level (NOAEL). 

II. The contrast between target tissues and the rest of the body is generally more sharply drawn 
than in carcinogenesis. That is, with non-cancer endpoints the target tissue/organ is often 
exquisitely susceptible to harm in comparison to other body tissues. Calculation of health 
effects often calls for the use of physiologically-based pharmacokinetics (PB-PK), so that dose 
to target tissues can be more closely estimated. 

III. Non-cancer endpoints of injury are much more widely varied and toxin-specific than in cancer, 
where we believe there is primarily one endpoint, genetic damage, and one outcome, death, 
that we seek to avoid. 

Because of the diversity in non-cancer endpoints, it would be impossible to present an overall 
survey, and one example will be discussed in some depth. Many of the principles can be extrapolated 
to other organ systems. 


Assessment of Risk for Inhaled Airborne Material 

There are many methods available to assess the toxicity of inhaled agents. As summarized below, 
these tests range from studies in human populations, to measures of lung function in whole animals 
and histopathological studies of lungs from exposed animals, to in vitro measures of pulmonary 
macrophage function (phagocytosis, viability), etc. The following outline describes various categories 
of lung injury and types of assays for indicating onset of tissue damage. 

I. Inhalation toxicology data development 

A. Air monitoring and characterization of collected dusts. 

B. Epidemiologic studies of previously-exposed populations. 

C. Clinical trials using controlled exposures of humans. 

D. Animals, chronic lifetime studies. 

E. Short term animal bioassays. 

F. In vitro tests on mammalian or non-mammalian cells. 

G. In vitro examination of molecular interactions with phospholipids, enzymes, nucleic acids, 
etc. 
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II. Mechanisms of lung injury 

As a consequence of inhaling toxic gases and particles, a number of pathological processes may 

be set into motion. None are specific to the lung, but their expression and consequences 

depend on the unique architecture and physiological role of the respiratory system. Major 

pathological mechanisms to be discussed are: 

A Pulmonary edema: Transudation of fluid, altered alveolar stability, impaired gas exchange, 
and respiratory distress 

B. Inflammation: Irritation leading to mucosal edema, increased mucus production and bron¬ 
chitis, appearance of neutrophils and inflammatory mediators, increased cell renewal 

C. Immunologic reactions: Asthma, hypersensitivity lung disease, extrinsic allergic alveolitis, 
anaphylaxis 

D. Altered susceptibility to infection: Cytotoxic and competitive effects on macrophage func¬ 
tion, altered mucociliary transport because of changes in cilia or the quantity or rheological 
character of mucus 

E. Infection: Bacterial, viral, or fungal pneumonia 

F. Proteolysis: Destruction of elastin and collagen leading to emphysema, obstructive lung 
disease 

G. Fibrosis: Increased connective tissue scarring, excessive collagen, restrictive lung disease 

H. Degenerative changes: Necrosis, calcification, and autolysis 

I. “Pulmonary carcinogenesis: bronchogenic carcinoma, oat cell carcinoma, adenocarcinoma, 
mesothelioma” 


III. Measurement of lung injury 

If the lung is injured by inhaled toxic gases and particles, how can the lung injury be detected 
and quantified? What repertoire of approaches can be used? 

Approaches and Parameters or Methods: 

A Mechanical properties (pulmonary function) 

1. Resistance 

2. Compliance: pressure-volume curves 

3. Lung volumes: VC (spirometry), TLC, RV, and FRC (measured by helium dilution, 
Ebyle’s law) 

4. FEVj 0 and Full or Partial flow-volume curves 

B. Gas exchange, Adequacy of ventilation, Distribution of ventilation and perfusion 

1. Alveolar gas tensions (P A C0 2 , P A 0 2 ) 

2. Arterial p a C0 2 , p a 0 2 

3. Ventilation homogeneity: N, washout 

4. Ventilation ( 133 Xe) or Perfusion ( 67 Ga) scans 
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5. a-A concentration gradients 

6. Diffusing capacity (carbon monoxide uptake) 
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C. Measurement of pathology by radiologic techniques 

1. Atelectasis 

2. Fibrosis, emphysema, etc. 

3. Bronchography (Tantalum) 

4. Focal lesions 


D. Mucociliary transport {in vitro and in vivo) 

1. Nasal 

2. Airways 

3. Mucus studies 

4. Cilia studies 


E. Lung lavage parameters 

1. Surfactant: quantity, composition 

2. Cell numbers, appearance, and viability 

3. Cell differential counts: RBC’s, PMN’s, monocytes, macrophages, lymphocytes 

4. Proliferation: production of colony-forming units (CFU’s) by lavaged cells, uptake of tri- 
tiated thymidine 

5. Mucus constituents 

6. Biochemistry: albumin, hemoglobin, hydroxyproline, elastase, collagenase, LDH, myelo¬ 
peroxidase, antiproteases, lysosomal enzymes, active oxygen species, chemotaxins, proli¬ 
ferative factors, and inflammatory mediators (histamine, prostaglandins, leukotrienes) 

7. In vitro functional assays of macrophage activity: trypan blue dye exclusion, oxygen con¬ 
sumption, ATP levels, lactate production, migration, chemotactic responsiveness, phago¬ 
cytosis, killing of microorganisms, release of mediators 


F. Morphology 

1. Gough sections 

2. Reid index 

3. Morphometric approaches: airway and alveolar dimensions 

4. Cell types: connective tissue, inflammatory, neoplastic 

5. Proliferation and cell turnover measures 

6. Vascular changes 


G. Renewal of lung constituents observed in tissue sections 

1. Metaphase counts - colchicine 

2. Uptake of tritiated thymidine 

3. Collagen and elastin breakdown and synthesis 

H. Lung clearance 
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1. DTPA-measured lung epithelial permeability 

2. Clearance of radioactively-labelled inhaled particles 

3. Clearance of magnetic inhaled particles 

4. Macrophage motile activity measured by inhaled magnetic particles 

I. Microbicidal activity 

1. Recognizable experimental pulmonary infections (morbidity and mortality studies) 

2. Bacterial aerosol models, in vivo models 

3. In vitro killing 

4. Phagocytosis: in vitro and in vivo 

J. Identifying pulmonary carcinogens 

1. Experimental pulmonary carcinogenesis (Saffiotti model) 

2. Chromosome abnormalities 

3. ^tmes mutagenesis assay 

IV. Bioassavs for measuring toxicity of particles and components of particles 

A. Whole animals 

B. In vitro cell culture systems 

C. Cell homogenates 

V. Questions to be considered in the interpretation of data 

A. Species extrapolation. Are human and animal toxicities equivalent ? 

B. Dose extrapolation. Are the doses given to animals comparable to human exposures ? 

C. Time extrapolation. At what stage is the injury being measured, and how does it compare 
to the time course of disease development in humans ? 

D. Correlation of disease mechanism with bioassay result 

E. Specificity of bioassay result: Is result unique to the agent tested ? Is the result generaliz- 
able to a class of agents ? If the agent is a complex mixture, what are the active com¬ 
ponents ? How does the bioassay result agree with disease outcomes in cases where human 
data are available ? 
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SOURCES OF STATISTICS 


Incidence 

Since there is no national office which records every new cancer 
case, there is no way of knowing exactly how many new cases of 
cancer are diagnosed each year. In the past, estimates of cancer 
incidence were made by extrapolating from the experience of the 
few population-based cancer registries. 

Estimates of incidence in Facts & Figures editions prior to 1974 
were based on data from two state cancer registries. The issues 
from 1974 through 1978 used information from the National Cancer 
institute's Third National Cancer Survey (1969*1971) of nine major 
areas of the United States. 

Then in 1973, NCI began a new and larger program, gathering 
data from 11 population-based registries. It is called SEER, standing 
for Surveillance, Epidemiology and End Results. Beginning with the 
1979 edition of Facts & Figures, SEER incidence information has been 
used. Each time a new data base is introduced, there may be some 
sharp changes in figures, due to the more accurate data. The changes 
do NOT indicate either a cancer epidemic or miracle cure. 

For valid comparisons between years, incidence statistics from 
the 1974 through 1978 editions of Facts & Figures may be compared 


with one another, while those from the 1979 to 1984 editions may 
be compared. 

The latest available information for this 1989 edition is SEER data 
from the years 1983-1985. 

Mortality 

The source for mortality statistics has remained constant over the 
years: the National Center for Health Statistics, Department of Health 
and Human Services. 

The 1989 figures are estimates based on the latest available 
information, which includes mortality data through 1985. 

Beginning with the 1981 edition of Facts & Figures, mortality rates 
per 100,000 population were age-adjusted to the 1970 census 
population, rather than the 1940 census population. Comparing 
these charts and figures with those of previous years may indicate 
false trends. 

Survival 

Because of the 5-year waiting period, survival statistics take longer 
to compile. In this edition, we show the latest survival rates for 
cases diagnosed in the period 1979-34 in the SEER program. 
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CANCER FACTS AND FIGURES 1989 


CANCER: BASIC DATA 

BASIC DATA 


How many people are surviving cancer? 


What is cancer? 

Cancer is a large group of diseases characterized by 
uncontrolled growth and spread of abnormal cells. If 
the spread is not controlled or checked, it results in 
death. However, many cancers can be cured if detected 
and treated promptly. 

How is cancer treated? 

By surgeiy, radiation, radioactive substances, chem¬ 
icals, hormones and immunotherapy. 

Who gets; cancer? 

Cancer strikes at any age. It kills more children 3 
to 14 than any other disease. And cancer strikes more 
frequently with advancing age. In the 1980's, there were 
estimated over 4,5 million cancer deaths, almost 9 
million new cancer cases, and some 15 million people 
under medical care for cancer. 

How many people alive today will get cancer? 

About 76 million Americans now living will even¬ 
tually have cancer; about 30%, according to present 
rates. Over the years, cancer will strike in approximately 
three out of four families. 

How many people alive today have ever 
had cancer? 

There are over 5 million Americans alive today who 
have a history of cancer, 3 million of them with diag¬ 
nosis five or more years ago. Most of these 3 million 
can be considered cured, while others still have evi¬ 
dence of cancer. By "cured" is meant that a patient 
has no evidence of disease and has the same life 
expectancy as a person who never had cancer. 

The decision as to when a patient may be considered 
cured is one that must be made by the physician after 
examining the individual patient. For most forms of 
cancer, five years without symptoms following treat¬ 
ment is the accepted time. However, some patients can 
be considered cured after one year, others after three 
years, whereas some have to be followed much longer 
than five years. 

How many new cases will there be this year? 

In 1989 about 1,010,000 people will be diagnosed as 
having cancer.* 


In the early 1900's few cancer patients had any hope 
of long-term survival. In the 1930's less than one in 
five was alive at least five years after treatment. In the 
1940's it was one in four, and in the 1960's it was one 
in three. 

Today, about 405,000 Americans, or 4 out of 10 patients 
who get cancer this year, will be alive 5 years after 
diagnosis. The gain from 1 in 3 to 4 in 10 represents 
about 67,000 persons this year. This 4 in 10, or about 
40% is called the "observed" survival rate. When normal 
life expectancy is taken into consideration (factors such 
as dying of heart disease, accidents and diseases of 
old age) 49% will be alive 5 years after diagnosis. This 
is the "relative" survival rate, and is considered a more 
accurate yardstick of our battle against cancer. 


Yes. About 178,000 people with cancer will probably 
die in 1989 who might have been saved by earlier 
diagnosis and prompt treatment 


This year about 502,000 will die of the disease—1,375 
people a day, about one every 63 seconds. Of every 
five deaths from all causes in the U.S., one is from cancer. 
In 1988 an estimated 494,000 Americans died of cancer. 
In 1987 it was 483,000; in 1986 the figure was 469,376. 


There has been a steady rise in the age-adjusted** 
national death rate. In 1930 the number of cancer deaths 
per 100,000 population was 143. In 1940 it was 152. By 
1950 it had risen to. 158 and in 1986 the number was 
171. The major cause of these increases has been cancer 
of the lung. Except for that form of cancer, age-adjusted 
cancer death rates for major sites are leveling off, and 
in some cases declining. 


Some cancers, not all. Most lung cancers are caused 
by cigarette smoking, and most skin cancers by fre¬ 
quent overexposure to direct sunlight. These cancers 
can be prevented by avoiding their causes. Certain can¬ 
cers caused by occupational-environmental factors can 
be prevented by eliminating or reducing contact with 
carcinogenic agents. See Prevention section, pp. 18-22. 


Could more people be saved? 


How many people will die? 


What is the national death rate? 


Can cancer be prevented? 


’These estimates of the incidence of cancer are based upon data from the National Cancer Institute's SEER Program (1983-19S5). Non¬ 
melanoma skin cancer and carcinoma in situ have not been included in the statistics. The incidence of non-melanoma skin cancer is esti¬ 
mated to be over 500,000 cases annually. 

**Age-adjusted—a method used to make valid statistical comparisons by assuming the same age distribution among different groups being 
compared. 
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CANCER FACTS AND FIGURES 1989 


BASIC DATA 

HOW CANCER WORKS 


Normally, the cells that make up the body reproduce 
themselves in an orderly manner so that worn-out 
tissues are replaced, injuries are repaired and growth 
of the body proceeds. 

Occasionally, certain cells undergo an abnormal 
change and bejpn a process of uncontrolled growth and 
spread: One cell divides into two, those redivide into 
four, and so on. These cells may grow into masses of 
tissue called tumors—some benign and others malig¬ 
nant (cancerous). 

The danger of cancer is that it invades and destroys 
normal tissue. In the beginning, cancer cells usually 
remain at their original site, and the cancer is said to 
be localized. Later, some cancer cells may invade 
neighboring organs or tissue. This occurs either by 


direct extension of growth or by becoming detached 
and carried through the lymph or blood systems to 
other parts of the body. This is called metastasis of 
a cancer. 

This spread may be regional—confined to one region 
of the body—when cells are trapped by lymph nodes. 
If left untreated, however, the cancer is likely to spread 
throughout the body. That condition is known as 
advanced cancer, and usually results in death. 

Because a case of cancer becomes progressively more 
serious with each stage, it is important to detect cancer 
as early as possible. Aids to early detection include 
cancer's Seven Warning Signals and the cancer risk 
factors. 


TRENDS IN DIAGNOSIS AND TREATMENT 


The diagnosis and treatment of cancer has become 
increasingly individualized. Early detection is followed 
by more precise staging, and the use of more than one 
kind of therapy, often in combination. 

Some cancers, which only a few decades ago had 
a very poor outlook, are often being cured today; acute 
lymphocytic leukemia in children, Hodgkin's disease, 
Burkitt's lymphoma, Ewing's sarcoma (a form of bone 
cancer), Wilms' tumor (a kidney cancer in children), 
rhabdomyosarcoma (a cancer in certain muscle tissue), 
choriocarcinoma (placental cancer), testicular cancer, 
ovarian cancer and osteogenic sarcoma. Other cancers 
have not yet yielded to effective treatment, and are 
the focus of continuing research. 

An outstandin g example of progress is the improve¬ 
ment in the management of testicular cancer in young 
men. More precise diagnostic tools and staging allow 
better selection of treatment. The use of combinations 
of cancer drugs has resulted in remarkably improved 
survival. In 20 years, the 5-year survival rate of testicular 
cancer rose from 63% to 91%. 

The following developments indicate the directions 
of current and future research: 

* New ways have been found to use an old drug, 5- 
fluorouracil, more effectively against metastatic colon 
cancer. By combining it with leukovorin it is a much 
more potent inhibitor of colon cancer cells. 

® Analysis of oncogene products is a promising new 
means of predicting which tumors are likely to recur 
after surgery. 

0 Use of potent growth factors stimulates normal bone 
marrow cells to withstand very high doses of che¬ 
motherapeutic drugs. 

♦ A genetic fusing of cancer cells with normal cells can 
produce disease-fighting "monoclonal antibodies"— 
specific antibodies tailored to seek out chosen targets 
on cancer cells. Their potential in the diagnosis and 
treatment of cancer is under study. 

• New understanding of the causes of pain in cancer 
patients has increased the options for control Regular 
use of oral pain medicines, infusions or injections 


of analgesics, procedures to interrupt pain pathways, 
are among the effective approaches available. 

Studies with agents like synthetic retinoids (cousins 
of vitamin A), and other substances are being under¬ 
taken to see if recurrences of certain cancers can be 
prevented. Another step is to see if these agents 
can reduce cancer in high risk groups. 

New approaches to drug therapy use combination 
chemotherapy and chemotherapy with surgery or 
radiation. New classes of agents are being tested for 
their effectiveness in treating patients resistant to 
drug therapies now in use. 

Many patients with primary bone cancer now are 
treated successfully by removing and replacing a 
section of bone rather than by amputating the leg 
or arm. Drugs and radiation therapy are being used 
effectively after bone cancer surgery, resulting in dra¬ 
matic improvement in survival. 

New high technology diagnostic imaging techniques 
have replaced exploratory surgery for some cancer 
patients. Magnetic Resonance Imaging (MRI) is one 
example of such technology under study. It uses a 
huge electromagnet to detect tumors by sensing the 
vibrations of the different atoms in the body. Com¬ 
puterized tomography (CT scanning) uses X rays to 
examine the brain and other parts of the body. Cross- 
section pictures are constructed which show a 
tumor's shape and location more accurately than is 
possible with conventional x-ray techniques. For 
patients undergoing radiation therapy, CT scanning 
may enable the therapist to pinpoint the tumor more 
precisely to provide more accurate radiation dosage 
while sparing normal tissue. 

Immunotherapy holds the hope of enhancing the 
body's own disease-fighting systems to control 
cancer. Interferon, interleukin-2 and other biologic 
response modifiers are under study. Recently, 
interferon was made available as the treatment for 
hairy ceil leukemia, a rare blood cancer of older Amer¬ 
icans. Interleukin-2 is under very active research in 
the treatment of kidney cancer and melanoma. 


4 

Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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This research area will take many years to find the 
proper role of these agents in cancer treatment. 

• Many cancers are caused by a two-stage process 
through exposure to substances known as initiators 
and promoters. Research scientists are exploring 
ways of interrupting these processes to prevent the 
development of cancer. 

• New technologies have made it possible to use bone 
marrow transplantation as an important treatment 
option in selected patients with aplastic anemia and 
leukemia. Bone marrow transplantation for other 
cancers is under study. The administration of larger 
doses of anti-cancer drugs or radiation therapy may 
be tolerated by some patients if their bone marrow 
is stored and later transplanted to restore marrow 
function (autologous bone marrow transplants). 

• Hyperthermia is a way to increase the heat or tem¬ 
perature of the entire body or a part of the body. 
It is known that heat can kill cancer cells. A cell tem¬ 
perature of 45 degrees kills cancer cells. A temperature 
of 42-43 degrees makes the cell more susceptible to 
damage by ionizing radiation (X rays). Studies are 
underway to learn if hyperthermia can increase the 
effect of radiation or chemotherapy. 


• With medical progress producing longer survival 
periods for many cancer patients, clinical concerns 
are expanding to include not only patients' physical 
well-being but also their psychosocial needs. The 
patient's and family's reactions to the disease, sexual 
concerns, employment and insurance needs, and 
ways to provide psychosocial support, have emerged 
as important areas of research and clinical care. 

• Improvements in cancer treatment have made 
possible more conservative management of some 
early cancers. In early cancer of the larynx, many 
patients have been able to retain their larynx and 
their voice; in colorectal cancer, fewer permanent 
colostomies are needed; and the surgery required in 
many cases of breast cancer is often more limited. 

9 Prostatic ultrasound, a rectal probe using ultrasonic 
waves producing an image of the prostate, is currently 
being investigated as a potential means to increase 
the early detection of occult, or not clinically sus¬ 
pected, prostate cancer. 

• Neoadjuvant chemotherapy has been successful 
against certain types of cancers. This involves giving 
chemotherapy to shrink the cancer and then removing 
it surgically. 
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CANCER DEATH RATES* BY SITE, UNITED STATES, 1930-85 
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YEAR 

•Rate for the population standardized for age on the 1970 U.S. population. 

Sources of Data: National Center for Health Statistics and Bureau of the Census, United States. 

Note: Rates are for both sexes combined except breast and uterus female population only and prostate male population only. 
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NEW CANCER CASES—1989 

Estimated New Cancer Cases for Ail Sites Plus Major Sites, by State—1989 



ALL SITES* 





MAJOR SITES 




STATE 

Number 

of 

Cases 

Female 

Breast 

Colon & 
Rectum 

Lung 

Oral 

Uterus 

Prostate 

Skin 

Melanoma 

Pancreas 

Leukemia 

Alabama 

18,000 

2,400 

2,300 

2,800 

450 

950 

2,100 

400 

500 

450 

Alaska 

1,000 

150 

125 

150 

40 

20 

100 

50 

20 

10 

Arizona 

13,000 

1,800 

1,700 

1,900 

350 

550 

1,500 

300 

350 

375 

Arkansas 

11,300 

1,100 

1,500 

1,900 

200 

400 

1,000 

350 

350 

300 

California 

101,000 

14,200 

13,500 

15,400 

3,500 

5,000 

10,000 

3,200 

2,600 

2,800 

Colorado 

9,400 

1,500 

1,500 

1,200 

225 

450 

1,100 

400 

250 

250 

Connecticut 

14,400 

2,200 

2,300 

2,000 

450 

600 

1,400 

400 

375 

375 

Delaware 

2,800 

400 

450 

500 

40 

125 

275 

70 

70 

80 

DisL of Columbia 

3,200 

450 

400 

450 

250 

150 

450 

60 

90 

60 

Florida 

65,500 

8,300 

10,200 

10,600 

2,200 

2,800 

7,600 

1,800 

1,700 

1,600 

Georgia 

22,500 

2,800 

2,900 

3,700 

850 

1,100 

2,400 

600 

550 

600 

Hawaii 

3,300 

350 

450 

450 

150 

150 

275 

80 

90 

80 

Idaho 

3,500 

500 

475 

475 

60 

125 

425 

150 

80 

125 

Illinois 

48,000 

7,000 

7,800 

7,400 

1,400 

2,400 

4,700 

950 

1,300 

1,300 

Indiana 

23,200 

3,200 

3,700 

3,800 

650 

1,200 

2,200 

600 

550 

550 

Iowa 

12,700 

1,800 

2,100 

1,800 

400 

550 

1,500 

300 

375 

375 

Kansas 

9,900 

1,400 

1,600 

1,600 

300 

450 

1,200 

200 

300 

325 

Kentucky 

16,800 

2,100 

2,500 

3,000 

450 

850 

1,600 

350 

375 

425 

Louisiana 

17,500 

2,200 

2,200 

3,000 

550 

750 

1,700 

300 

500 

400 

Maine 

5,500 

750 

950 

850 

150 

250 

600 

100 

150 

150 

Maryland 

19,300 

2,700 

2,900 

3,000 

650 

800 

1,900 

550 

400 

450 

Massachusetts 

28,400 

4,800 

4,500 

3,800 

800 

1,000 

2,600 

800 

700 

700 

Michigan 

37,400 

5,500 

5,300 

5,800 

1,000 

1,700 

3,600 

900 

950 

1,000 

Minnesota 

16,400 

2,300 

2,600 

2,100 

400 

650 

2,00D 

400 

450 

450 

Mississippi 

12,000 

1,100 

1,400 

1,800 

300 

600 

1,200 

250 

325 

300 

Missouri 

23,500 

3,200 

3,900 

3,700 

700 

1,200 

2,000 

600 

650 

700 

Montana 

3,200 

500 

425 | 

425 

60 

150 

400 

90 

100 

100 

Nebraska 

6,400 

900 

1,100 

900 

150 

350 

750 

175 

225 

175 

Nevada 

4,100 

500 

500 

750 

150 

175 

375 

150 

90 

70 

New Hampshire 

4,000 

650 

650 

600 

80 

200 

400 

125 

125 

90 

New Jersey 

36,500 

5,500 

6,200 

5,300 

1,200 

1,800 

3,500 

950 

1,000 

850 

New Mexico 

4,500 

600 

600 

550 

125 

175 

550 

80 

150 

150 

New York 

77,500 

12,100 

13,200 

10,900 

2,500 

4,000 

7,900 

2,100 

2^00 

! 2,000 

North Carolina 

24,500 

3,400 

3,200 

4,000 

900 

1,300 

2,700 

750 

700 

j 700 

North Dakota 

2,700 

400 

450 

325 

70 

125 

450 

40 

90 

90 

Ohio 

49,000 

6,800 

7,700 

7,900 

1,400 

■2,200 

4,700 

1,200 

1,300 

1,300 

Oklahoma 

14,000 

1,800 

1,900 

2,500 

400 

550 

1,400 

500 

425 

450 

Oregon 

11,800 

1,700 

1,600 i 

2,000 

300 

425 

1,200 

350 

325 

350 

Pennsylvania 

59,000 

8,800 

10,000 

8,600 

1,700 

2,500 

5,300 

1,600 

1,500 

1,500 

Rhode Island 

4,900 

700 

900 

700 

200 

200 ! 

500 

150 

150 

100 

South Carolina 

13,000 

1,900 

1,700 | 

2,000 

500 

750 : 

1,500 

400 

350 

250 

South Dakota 

2,900 

425 ' 

500 i 

375 

40 

125 

350 

80 

90 

100 

Tennessee 

21,000 

2,600 

2,800 ; 

3,500 

700 

950 

2,200 

500 

550 

600 

Texas 

54,500 

7,300 

7,200 1 

8,800 

1,800 

2,600 


1,600 

1,400 

1,700 

Utah 

3,500 

550 

450 

350 

100 

200 

600 

100 

100 

125 

Vermont 

2,300 

350' 

375 

350 

80 

150 

250 

50 

50 

90 

Virginia 

23,500 

3,300 

3,400 

3,800 

800 1 

1,100 

2,500 

700 

600 

600 

Washington 

17,300 

2,500 

2,300 

2,800 

550 

850 

1,800 

500 

500 

' 450 

West Virginia 

8,900 

1,200 

1,200 

1,500 

200 I 

375 

800 

200 

250 

250 

Wisconsin 

20,200 

3,100 

3,200 

2,700 

450 

900 

2,300 

400 

550 

650 

Wyoming 

1,300 

225 

200 

200 

30 

30 

150 

50 

30 

30 

United States 

1,010,000 

142,000 

151,000 

155,000 

31,000 

47,000 

103,000 

27,000 

27,000 

27,000 

Puerto Rico 

6,000 

450 

450 

350 

425 

750 

400 

500 

100 

175 


•Does not include carcinoma in situ or non-melanoma skin cancer. 

These estimates are offered as a rough guide and should not be regarded as definitive* They are calculated according to the distribution of 
estimated 1989 cancel deaths by state. Especially note that year-to-year changes may only represent improvements in the basic data. 
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CANCER DEATHS—1989 

Estimated Cancer Deaths for Alt Sites Plus Major Sites, by State—1989 



ALL SITES | 




MAJOR SITES 




STATE 

Number 

of 

Deaths 

Death Rate 
per 100,000 
Population* 

Female 

Breast 

Colon & 
Rectum 

Lung 

Oral 

Uterus 

Prostate 

Skin 

Mela¬ 

noma 

Pancreas 

Leukemia 

Alattama 

8,900 


700 

■II 

2,600 

125 

200 

550 

100 

425 

300 

Alaska 

500 


30 

so 

150 

10 

10 

20 

10 

25 

10 

Arizona 

6,500 

180 

550 


1,800 

100 

50 

400 

70 

300 

225 

Arkansas 

5,600 

190 

350 


1,800 

60 

100 

300 

80 

300 

225 

California 

50,000 

181 

4,400 


14,100 

950 

900 

2,800 

700 

2,500 

1,800 

Colorado 

4,700 

141 

450 


1,200 

60 

70 

275 

80 

250 

200 

Connecticut 

7,200 

217 

650 

950 

1,800 

125 

125 

375 

90 

400 

275 

Delaware 

1,400 

250 

125 

175 

450 

10 

20 

60 

10 

60 

50 

Dist of Columbia 

1,700 

264 

175 

175 

400 

70 

60 

125 

10 

100 

50 

Florida 

32,500 

182 

2,500 


9,800 

600 

400 

2,100 

400 

1,600 

1,000 

Georgia 

11,200 

202 

850 

1,200 

3,400 

250 

‘ 250 

700 

150 

500 

400 

Hawaii 

1,700 

191 

100 

175 

375 

50 

20 

80 

20 

80 

50 

Idaho 

1,800 

158 

150 

175 

400 

20 

25 

125 

30 

100 

80 

Illinois 

24,000 

201 

2,100 

3,100 

6,600 

450 

600 

1300 

200 

1,300 

900 

Indiana 

11,500 

217 

950 

1,500 

3,500 

175 

300 

600 

125 

550 

425 

Iowa 

6,400 

190 

550 

850 

1,600 

125 

125 

400 

70 

350 

300 

Kansas 

4,900 

171 

425 

650 

1,300 

90 

100 

350 

50 

275 

225 

Kentucky 

8,400 

207 

650 

1,000 

2,800 

125 

175 

425 

80 

375 

300 

Louisiana 

8,800 

212 

650 

900 

2,800 

150 

175 

475 

80 

450 

300‘ 

Maine 

2,800 

199 

225 

400 

800 

40 

60 

175 

20 

150 

90 

Maryland 

9,600 

244 

800 

1,200 

2,700 


Ig: 

500 

125 

425 

300 

Massachusetts 

14,100 

220 

1,500 

1,900 

3,500 


9 

750 

175 

650 

475 

Michigan 

18,600 

226 

1,600 

2,100 

5,300 

275 

400 

1,000 

200 

900 

650 

Minnesota 

8,100 

181 

700 

1,100 

2,000 

125 

125 

550 

90 

450 

350 

Mississippi 

5,100 

186 

325 

. 500 

1,700 

80 

100 

350 

60 

300 

225 

Missouri 

11,800 

196 

950 1 

1,500 

3,400 

175 

250 

550 

125 

550 

450 

Montana 

1,600 

186 

150 ! 

175 

375 

20 

30 

100 

20 

100 

70 

Nebraslca 

3,300 

173 

300 ! 

450 

800 

40 

70 

200 

40 

200 

175 

Nevada 

2,100 

216 

150 

200 

600 

40 

20 

100 

30 

80 

40 

New Hampshire 

2,100 

197 

200 

250 

550 

30 

40 

! 90 

! 30 

100 

70 

New Jeisey 

18,100 

230 

1,600 

2,500 

4,900 

325 

375 

950 

225 

900 

550 

New Mexico 

2,300 

168 

200 

250 

500 1 

30 

40 

150 

20 

125 

70 

New York 

38,500 

200 

3,800 

5,400 


750 

950 

2,200 

475 

2,100 

| 1,400 

North Carolina 

12,200 

203 

1,000 

1300 


225 

275 

750 

175 

550 

425 

North Dakota 

1,300 

171 

125 

175 


20 

20 

125 

10 

90 

60 

Ohio 

24,000 

227 

zm 

3,100 


400 

600 

1,300 

250 

1,200 

850 

Oklahoma 

7,000 

163 

550 

800 

2,300 

100 

100 

375 

100 

325 

275 

Oregon 

5,900 

198 

500 

650 

1,800 

100 

75 

350 

70 

300 

225 

Pennsylvania 

29,500 

221 

2,600 

4,000 

7,800 

475 

700 

1,300 

350 

1,400 

1,000 

Rhode Island 

2,500 

227 

250 

350 

650 

60 

40 

125 

30 

125 

70 

South Carolina 

6,500 

209 

550 

650 

1,900 

125 

125 

425 

90 

325 

175 

South Dakota 

1,500 

180 

125 

200 

325 

10 

30 

125 

20 

100 

80 

Tennessee 

10,400 

202 

800 

1,100 

3,300 

200 

200 

600 

125 

500 

375 

Texas 

27,000 

155 

2,200 

2,900 

8,100 

475 

500 

1,400 

350 

1,300 

1,000 

Utah 

1,800 

118 

175 

175 

275 

20 

30 

175 

30 

90 

80 

Vermont 

1,200 

1% 

100 

150 

275 

20 

30 

70 

10 

60 

50 

Virginia 

11,700 

219 

950 

1,400 

3300 

225 

225 

650 

150 

500 

375 

Washington 

8,600 

181 

750 

900 

2,600 

150 

150 

500 

100 

425 

300 

West Virginia 

4,400 

202 

350 

500 

1,400 

60 

100 

225 

50 

200 

175 

Wisconsin 

10,000 

197 

950 

1,300 

2300 

125 

175 

650 

90 

500 

425 

Wyoming 

700 

128 

70 

75 

175 

10 

10 

30 

10 

40 

30 

United States 

502,000 

204 

43,000 

61,000 

142,000 

8,700 

10,000 

28,500 


25,000 

18,000 

Puerto Rico 

3,500 

150 

200 

250 

400 

175 

150 

300 

■ 

80 

150 


•Adjusted to the age distribution of the 1970 U5. Census Population. 
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ESTIMATED NEW CANCER CASES AND DEATHS BY SEX FOR ALL SITES—1989 



ESTIMATED NEW CASES 

ESTIMATED DEATHS 


Total 

Male 

Female 

Total 

Male 

Female 

ALL SITES 

1,010,000* 

505,000* 

505,000* 

502,000 

266,000 

236,000 

Buccal Cavity & Pharynx (ORAL) 

30,600 


10,000 


5,775 

2,875 

Lip 

4,200 


500 

■ 11 V 1 . *| 

75 

25 

Tongue 



2,100 


1,300 

650 

Mouth 

11,700 

i 

4,700 


1,600 

1,000 

Pharynx 

8,700 

6,000 

2,700 

■ 

2,800 

1,200 

Digestive Organs 

227,800 

115,200 

112,600 

123,000 

64,400 

58,600 

Esophagus 

10,100 

7,200 

2,900 

9,400 

6,900 

2,500 

Stomach 

20,000 

11,900 

8,100 

13,900 

8,200 

5,700 

Small Intestine 

l 2,700 

1,400 

1,300 

900 

500 

400 

Large Intestine (COLON . R£CTUM) 

107,000 

50,000 

57,000 

53,500 

26,000 

27,500 

Rectum j 

44,000 


21,000 

7,800 

4,000 

3,800 

Liver & Biliary Passages 

14,500 

7,500 

7,000 

11,400 

5,800 

5,600 

Pancreas 

27,000 

13,000 

14,000 

25,000 

12,500 

12,500 

Other & Unsp ecified Digestive 

2,500 

1,200 

1,300 

1,100 

500 

600 

Respiratory System 

m 


57,600 

147,100 

96,900 

50,200 

Larynx 

WESM 

■ ■ 

2,300 

3,700 

3,000 

700 

LUNG 

■ 

■ 

54,000 

142,000 

93,000 

49,000 

Other & Unspecified Respiratory 

4,300 

H . 

1,300 

1,400 

900 

500 

Bone 

2,100 

1,200 

900 

1,300 

700 

600 

Connective Tissue 

5,600 

3,000 

2,600 

3,000 

1,400 

1,600 

SKIN 

27,000** 

14,500** 

12,500** 

8,200+ 

5,200 

3,000 

BREAST 

142,900*** 

900*** 

142,000*°* . 

43,300 

300 

43,000 

Genital Organiv 

181,800*" 

109,900 

71,900*** 

52,200 

29,100 

23,100 

? rvixU I er ! . ] (UTERUS) 

Corpus, Endometrium > 

13,000"* 

— 

| 13,000*" 

6,000 

— 

6,000 

34,000 

— 

34,000 

4,000 

— 

4,000 

Ovary 

20,000 

— 

! 20,000 

12,000 

— 

12,000 

Other & Unspe cified Genital, Female 

4,900 

— 

4,900 

1,100 

— 

1,100 

Prostate 

103,000 

103,000 


28,500 

28,500 

— 

Testis 

5,700 

5,700 

— 

350 

350 

— 

Other & Unspecified Genital, Male 

1,200 

1,200 

— 

250 

250 

— 

Urinary Organs 

■ 

■ 

■ 


12,900 

MEM 

Biadder 



1 

Bpw 

6,900 

M| 

Kidney & Other Urinary 


■ 



6,000 

— 

Eye 

1,900 

1,000 

900 

300 

150 

150 

Brain & Central Nervous System 

15,000 

8,200 

6,800 

11,000 

6,000 

5,000 

Endocrine Glands 


3,700 

8,900 

1,750 

775 

975 

Thyroid 

1 

3,000 

8,300 

1,025 

375 

650 

Other Endocrine 

1,300 

700 

600 

725 

400 . 

325 

Leukemia 

27,300 

15,200 

12,100 

18,100 

9,800 

8,300 

Lymphocytic Leukemia 

13,000 

7,500 

5,500 

7,000 


3,100 

Granulocytic Leukemia 

1^,300 

7,200 

6,100 

10,600 

5,600 

5,000 

Monocytic Leukemia 

1,000 

500 

500 

500 

300 

200 

Other Blood & Lymph Tissues 

51,800 

27,000 

24,800 

27,400 

14,100 

13,300 

Hodgkin's Disease 

7,400 

4,200 

3,200 

1,500 

900 

600 

Non-Hodgkin's Lymphomas 

32,800 

16,800 

16,000 

17,300 

8,900 

8,400 

Multiple Myeioma 

11,600 

6,000 

5,600 


4,300 

4,300 

Ail Other & Unspecified Sites 

41,800 

21,600 

20,200 

36,500 

18,500 

18,000 


NOTE: The estimates of new cancer cases are offered as a rough guide and should not be regarded as definitive. Especially note that 
year-to-year changes may only represent improvements in the basic data. ACS six major sites appear in boldface caps. 

♦Carcinoma in situ and non-melanoma skin cancers are not included in totals. Carcinoma in situ of the uterine cervix accounts for more 
than 50,000 new cases annually, and carcinoma in situ of the female breast accounts for about 10,000 new cases annually. Non-melanoma 
skin cancer accounts for more than 500,000 new cases annually. 

’•Melanoma only. •••Invasive cancer only. tMelanoma 6,000; other skin 2,200 

INCIDENCE ESTIMATES ARE BASED ON RATES FROM NCI SEER PROGRAM 1983-85. 
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CANCER FACTS AND FIGURES 1989 


SELECTED CANCER SITES 

LUNG CANCER 


Incidence: An estimated 155,000 new cases in 1989. 
The incidence rate in white males rose from 827 per 
100,000 in 1982 to 84.2 in 1984. The incidence rate in 
white females and in black males and females also rose. 

Mortality': An estimated 142,000 deaths in 1989. The 
age-standardized lung cancer death rate for women is 
higher than that of any other cancer. It has surpassed 
breast cancer which for over 50 years was the number 
one cancer killer of women. 

Warning Signals: A persistent cough; sputum 
streaked with blood; chest pain; recurring attacks of 
pneumonia or bronchitis. 

Risk Factors: Cigarette smoking; history of smoking 
20 or more years; exposure to certain industrial sub¬ 
stances such as asbestos, particularly for those who 
smoke. Involuntary smoking increases the risk. Expo¬ 
sure to radiation may also contribute to lung cancer. 

Early Detection: Lung cancer is very difficult to detect 
early; symptoms often don't appear until the disease 
has advanced considerably. If a smoker quits at the time 
of early precancerous cellular changes, the damaged 
bronchial lining often returns to normal. If a smoker 


continues the habit, cells may form abnormal growth 
patterns that lead to cancer. Diagnosis may be aided 
by such procedures as the chest X ray, sputum cytology 
test and fiberoptic bronchoscopy. 

Treatment: Treatment depends on the type of, and 
stage of lung cancer. Surgery, radiation therapy and 
chemotherapy are all options. For many localized 
cancers, surgery is usually the treatment of choice. Since 
the majority of patients with lung cancer have tumor 
spread, radiation therapy and chemotherapy are often 
combined with surgery. In small cell cancer of the lung, 
chemotherapy alone or combined with radiation has 
largely replaced surgery as the treatment of choice, with 
a large percentage of patients experiencing remission- 
in some cases, long-lasting remission. 

Survival: Only 13% of lung cancer patients (all stages, 
whites and blacks) live five or more years after diag¬ 
nosis. The rate is 33% for cases detected in a local¬ 
ized stage; but only 24% of lung cancers are discovered 
that early. Rates have improved only slightly over a 
recent 10-year period. 


COLON AND RECTUM CANCER 


Incidence: An estimated 151,000 new cases in 1989, 
including 107,000 of colon cancer and 44,000 of rectum 
cancer. Their combined incidence is second only to that 
of lung cancer (excluding common skin cancers). 

Mortality: An estimated 61,300 deaths in 1989, second 
only to lung cancer. This includes 53,500 for colon cancer 
and 7,800 for rectum cancer. 

Warning Signals; Bleeding from the rectum, blood 
in the stool, change in bowel habits. 

Risk Factors: Personal or family history of colon and 
rectum cancer; personal or family history of polyps in 
the colon or rectum; inflammatory bowel disease. 

Evidence suggests that bowel cancer may be linked 
to the diet. A diet high in fat and/or low in fiber content 
may be a significant causative factor. 

Early Detection: The ACS recommends three tests 
as valuable aids in detecting colon and rectum cancer 
early in people without symptoms. 

The digital rectal examination is performed by a 
physician during an office visit. The ACS recommends 
one every year after age 40. 

The stool blood slide test is a simple method of testing 
the feces for hidden blood. The specimen is obtained 
by the patient at home, and returned to the physician's 
office, a hospital or clinic for examination. The ACS 
recommends the test every year after 50. 

Proctosigmoidoscopy, known as the "procto," is an 
examination in which a physician inspects the rectum. 


and lower colon with a hollow lighted tube. As the 
site of most colorectal cancers appears to be shifting 
higher in the colon, longer, flexible instruments are 
being used as well as the rigid scope. The ACS rec¬ 
ommends a procto every 3 to 5 years after the age 
of 50, following two annual normal exams. 

If any of these tests reveals possible problems, a 
physician may recommend more extensive studies, 
such as colonoscopy and a barium enema. Colono- 
scopes view the entire colon. 

Treatment: Surgery, at times combined with radia¬ 
tion, is the most effective method of treating colorec¬ 
tal cancer. Chemotherapy is being studied to determine 
its possible role in treating advanced cases. 

In cases of colon cancer, a permanent colostomy, the 
creation of an abdominal opening for the elimination 
of body wastes, is seldom needed, and is infrequently 
required for patients with rectal cancer. One report 
found permanent colostomies necessary for only 15% 
of patients whose rectal cancers are detected early. For 
those who do have permanent colostomies, the Society 
has a special patient assistance program. (See p. 25) 

Survival: When colorectal cancer is detected and 
treated in an early, localized stage, the 5-year survival 
rate is 87% for colon cancer and 79% for rectal cancer, 
compared with 40% and 31% respectively, after the 
cancer has spread to other parts of the body. 
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SELECTED CANCER SITES 
BREAST CANCER 


Incidence: An estimated 142,900 new cases in the 
United States during 1989. About one out of 10 women 
will develop breast cancer at some time during her 
life. 

Mortality: An estimated 43,300 deaths (43,000 females; 
300 males) in 1989, in females, second only to lung 
cancer, now the foremost site of cancer deaths in 
women. 

Warning Signals: Breast changes that persist such 
as a lump, thickening, swelling, dimpling, skin irrita¬ 
tion, distortion, retraction or scaliness of the nipple, 
nipple discharge, pain or tenderness. 

Risk Factors: Over age 50; personal or family history 
of breast cancer; never had children; first child after 
age 30. 

Early Detection: The American Cancer Society rec¬ 
ommends the monthly practice of breast self-exami¬ 
nation (BSE) by women 20 years and older as a routine 
good health habit. Most breast lumps are not cancer, 
but only a physician can make a diagnosis. 

The American Cancer Society and the National 
Cancer Institute, in their joint Breast Cancer Detection 
Demonstration program, found that mammography— 
a low-dose x-ray examination—could find cancers too 
small to be felt by the most experienced examiner. 

Besides its effectiveness in screening women without 
symptoms, mammography is recognized as a valuable 
diagnostic technique for women who do have findings 
suggestive of breast cancer. Once a breast lump is 
found, mammography can help determine if there are 
other lesions in the same or opposite breast which are 
too small to be felt. All suspicious lumps should 


be biopsied for a definitive diagnosis—even when the 
mammogram is described as normal. 

The Society recommends a mammogram every year 
for asymptomatic women age 50 and over, and a 
baseline mammogram for those 35 to 39. Asymptom¬ 
atic women 40 to 49 should have mammography every 
1-2 years. In addition, a professional physical exam¬ 
ination of the breast is recommended every three 
years for women 20 to 40, and every year for those 
over 40. 

Treatment: Several methods may be used, depending 
on the individual woman's preferences and medical 
situation—surgery varying from local removal of the 
tumor to mastectomy, radiation therapy, chemotherapy 
or hormone manipulation. Often two or more methods 
may be used in combination. Patients should discuss 
with their physicians possible options available con¬ 
cerning the specific management of their breast cancer. 

New techniques in recent years have made breast 
reconstruction possible after mastectomy, and the cos¬ 
metic results are good. Reconstruction now has be¬ 
come an important part of treatment and rehabilitation. 
(See p. 25) 

Survival: The 5-year survival rate for localized breast 
cancer has risen horn 78% in the 1940's to 90% today. 
If the breast cancer is not invasive (in situ), the survival 
rate approaches 100%. If the cancer has spread, how¬ 
ever, the rate is 60%. 

Despite an increasing incidence of breast cancer, 
longer survival has helped to stabilize mortality rates 
over the last 50 years. 


UTERINE CANCER 


Incidence: An estimated 47,000 new invasive cases 
in 1989, including 13,000 cases of cancer of the cervix, 
and 34,000 cases of cancer of the endometrium or body 
of the uterus. Invasive cervical cancer incidence has 
steadily decreased over the years, while cancer in situ 
has risen in all groups. Cervical cancer is most common 
today among low jiocioeconomic groups but all groups 
are at risk. Endometrial cancer afflicts mostly mature 
women, and diagnosis usually is made between the 
ages of 55 and 69. 

Mortality: An estimated 6,000 deaths in 1989 from 
cervical cancer, 4,000 from endometrial cancer. Overall, 
the death rate from uterine cancer has decreased more 
than 70% during the last 40 years, due mainly to the 
Pap test and regular checkups. 

Warning Signal's: Intermenstrual or postmenopausal 
bleeding or unusual discharge. 

Risk Factors: For cervical cancer: early age at first 
intercourse, multiple sex partners. For-endometrial 
cancer: history of infertility, failure of ovulation, pro¬ 
longed estrogen therapy and obesity. 

Early Detection: The Pap test, an examination under 
a microscope of cells from the cervix and body of the 


uterus, is a simple procedure which can be performed 
at appropriate intervals by physicians as part of every 
pelvic examination. For cervical cancer, women who 
are or have been sexually active, or have reached age 
18 years, should have an annual Pap test and pelvic 
examination. After a woman has had three or more 
consecutive satisfactory normal annual examinations, 
the Pap test may be performed less frequently at the 
discretion of her physician. 

The Pap test is highly effective in detecting early 
cancer of the uterine cervix; it is only 50% effective 
in detecting endometrial cancer. Women at high risk 
of developing endometrial cancer should have an endo¬ 
metrial tissue sample at menopause. 

The hormone estrogen frequently is given to women 
during and after menopause to make up for the decline 
in estrogens normally produced by the ovaries. 
Estrogen helps to control menopausal symptoms such 
as hot flashes or thinning of the vaginal lining causing 
painful sexual intercourse. For mature women, there 
are certain risks associated with such treatment, 
including an increased risk of endometrial cancer. 
Women and their physicians should carefully discuss 
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the use of postmenopausal estrogens in terms of the 
benefit and risk to the individual patient. 

Treatm<mfc Uterine cancers generally are treated by 
surgery or radiation, or by a combination of the two. 
In precancerous (in situ) stages, changes in the cervix 
may be treated by cryotherapy (the destruction of cells 
by extreme cold), by electrocoagulation (the destruction 
of tissue through intense heat by electric current) 
or by local surgery. Precancerous endometrial changes 


may be treated with the hormone progesterone. 

Survival: The 5-year survival rate for all cervical 
cancer patients is 66%. For patients diagnosed early, 
however, the rate is 80-90%. Cancer in situ is virtually 
100%. The figures for endometrial cancer are 83% all 
stages, 91% early and virtually 100% for endometrial 
precancerous lesions. During a recent 10-year period, 
there was moderate improvement for both uterine sites. 


OVARIAN CANCER 


Incidence: An estimated 20,000 new cases in the 
United States in 1989. It is estimated that about 1.4% 
or one out of every 70 newborn girls will develop ovar¬ 
ian cancer during her lifetime. It accounts for 4% of 
all cancers among women and 27% of the cancers of 
the female reproductive system. 

Mortality: An estimated 12,000 deaths in 1989. 
Although ovarian cancer ranks second in incidence 
among gynecological cancers, it causes more deaths 
than any other cancer of the female reproductive 
system. 

Warning Signals: Ovarian cancer is often "silent," 
showing no obvious signs or symptoms until late in 
its development. The most common sign is an enlarged 
abdomen caused by the collection of fluid. Rarely will 
there be abnormal vaginal bleeding. In women over 
40, vague digestive disturbances (stomach discomfort, 
gas, distention) which persist and cannot be explained 
by any other cause may indicate the need for a thorough 
checkup for ovarian cancer. 

Risk Factors: Risk for ovarian cancer increases with 
age, with hipest rates for women 65-84. Women who 
have never had children are twice as likely to develop 
ovarian cancer as those who have. A number of inter¬ 
related’ reproductive factors,, such as age at first live 
birth, age at first pregnancy, and number of pregnan¬ 
cies are all involved in varying degrees. In addition, 
years of ovulation, the product of a number of other 
interrelated factors such as length of pregnancies and 
oral contraceptive use (which may themselves actually 


decrease risk), are also tied to an observed increased 
risk. Breast and endometrial cancer increases a,woman's 
chances of developing ovarian cancer twofold. Patients 
with colorectal cancer are at increased risk of ovarian 
cancer, although risk decreases over time following 
diagnosis of their colorectal cancer. Some rare genetic 
disorders are associated with increased risk. Incidence 
rates are higher in North America and Northern Europe, 
and lower in Asia and Africa. Rates are significantly 
higher for nuns, Jewish women, and women who have 
never been married. 

Early Detection: Periodic, thorough pelvic examina¬ 
tions are important. The Pap test, useful in detecting cervical 
cancer, does not reveal ovarian cancer. Women over the age 
of 40 should have a cancer-related checkup every year. 

Treatment: Surgery, radiation therapy and drug ther¬ 
apy are all options in the treatment of ovarian cancer. 
Surgical treatment usually includes the removal of one 
or both ovaries, the uterus (hysterectomy) and the 
fallopian tubes. In some very early tumors, only the 
involved ovary may be removed, especially in young 
women. In advanced disease, an attempt is made to 
remove all intra-abdominal disease to enhance the effect 
of chemotherapy. 

Survival: If ovarian cancer is diagnosed and treated 
early, about 85% of such patients live 5 years or longer. 
However, when diagnosed in an advanced stage, the 
survival rate drops to 23%. It has improved with mod¬ 
em chemotherapeutic agents. Overall, the survival rate 
for ovarian cancer is 38%. 


ORAL CANCER 


Incidence; .An estimated 31,000 new cases in 1989. 
Incidence is more than twice as high in males as in 
females, and is; most frequent in men over age 40. Cancer 
can affect any part of the oral cavity, from hp to tongue 
to mouth and throat. 

Mortality: An estimated 8,650 deaths in 1989. 

Warning Signals: A sore that bleeds easily and 
doesn't heal; a lump or thickening; a reddish or whitish 
patch that peisists. Difficulty in chewing, swallowing 
or moving ton;gue or javvs are often late changes. 

Risk Factors: Cigarette, cigar and pipe smoking; use 
of smokeless tobacco; excess use of alcohol 


Early Detection: Dentists and primary care physi¬ 
cians have the opportunity, during regular checkups, 
to see abnormal tissue changes and to detect cancer 
at an early and curable stage. 

Treatment: Principal methods are radiation therapy 
and surgery. Chemotherapy is being studied as an aid 
to surgery in advanced disease. 

Survival: Five-year survival rates vary substantially * 
depending on the site. Rates range from 32% for cancer 
of the pharynx to 91% for lip cancer. Overall, 5-year 
survivi for oral cancer patients is about 51%. 
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CANCER INCIDENCE AND DEATHS BY SITE AND SEX—1989 ESTIMATES 


CANCER INCIDENCE BY SITE AND SEX+ 



14% ALL OTHER 


CANCER DEATHS BY SITE AND SEX 


SKIN 

ORAL 

LUNG 

COLON & 
RECTUM 

PANCREAS 

PROSTATE 

URINARY 

LEUKEMIA & 
LYMPHOMAS 

ALL OTHER 



tExcluding non-melanoma skin cancer and carcinoma in situ. 


PROSTATE CANCER 


Incidence: An estimated 103,000 new cases in the 
United States during 1989. About one out of 11 men 
will develop prostate cancer at some time during his 
lifetime. The third highest incidence of cancer in men, 
next to skin cancer and lung cancer. 

Mortality: An estimated 28,500 deaths in 1989, the 
third leading cause of cancer deaths in men. 

Warning Signals: Most signs or symptoms of pros¬ 
tate cancer are nonspecific, and do not distinguish from 
benign conditions such as infection or prostate enlarge¬ 
ment. These include weak or interrupted flow of urine; 
inability to urinate or difficulty in starting urination; 
need to urinate frequently, especially at night; blood 
in the urine; urine flow that is not easily stopped; painful 
or burning urination; continuing pain in lower back, 
pelvis or upper thighs. 

Risk Factors: Incidence increases with age through 
the most advanced ages; about 80% of all prostate 
cancers are diagnosed in men over the age of 65. The 
disease is more common in northwest Europe and 
North America; rare in the Near East, Africa, Central 
and South America. Black Americans have the highest 
rate of incidence in the world for reasons not currently 
known. There is some familial association, but it is 
unclear whether this is due to genetic or environmental 
association. Dietary fat may be a factor, based on studies 
conducted internationally. Workers who work with 
cadmium are found to- be at slightly higher risk. Studies 
of migrating populations have suggested that environ¬ 
mental factors, such ais diet and lifestyle, may play an 


important role in the risk of developing cancer of the 
prostate. 

Early Detection: Every man over 40 should have a 
rectal exam as part of his regular annual physical 
checkup. A new technique, prostate ultrasound is being 
investigated for the early detection of small non- 
palpable cancers. This new approach may be of special 
benefit ;to high risk men. Men over 40 should be alert 
to changes such as urinary difficulties, continuing pain 
in lower back, pelvis or upper thighs, and should see 
their physician immediately should any occur. The key 
to saving lives from prostate cancer is early detection 
and treatment. 

Treatment: Surgery, alone or in combination with 
radiation and/or hormones, and anticancer drugs are 
all options available in the treatment of prostate cancer. 
Surgery or radiation therapy may be the treatment 
chosen to cure prostate cancer if it is found in an early 
localized state. Hormone treatment and anticancer 
drugs also may control prostate cancer for long periods 
by shrinking the size of the tumor and greatly relieving 
pain. 

Survival: Sixty-four percent of all prostate cancers 
are discovered while still localized within the general 
region of the prostate; 84% of all patients whose tumors 
are diagnosed at this stage are alive 5 years after 
treatment. Survival rates for all stages combined have 
steadily improved since 1940, and in the last 20 years 
have increased from 48% to 71%. 
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BLADDER CANCER 


Incidence: An estimated 47,000 new cases of bladder 
cancer in 1989; 34,500 in males, 12,500 in females. Blad¬ 
der cancers account for 7% of the new cancer cases 
diagnosed each year in men and 3% in women. Bladder 
cancer is the 5th most common form of cancer in males 
and 10th most common form of cancer in females in 
this country. 

Mortality: An estimated 10,200 deaths in 1989 from 
bladder cancers, the 8th leading cause of cancer deaths 
in males and 14th in females. 

Warning Signals: Blood in the urine. Usually asso¬ 
ciated with increased frequency of urination. 

Risk Factors: Smoking is the greatest risk factor in 
bladder cancer, with smokers experiencing twice the 
risk of nonsmokers. Smoking is estimated to be respon¬ 
sible for about 49% of the bladder cancers among men 
and 10% among women. Overall, the incidence rate 


of bladder cancer is 4 times as great among men as 
women, and higher in whites than in blacks. People 
living in urban areas, and dye, rubber and leather 
workers also are at higher risk. Coffee and artificial 
sweeteners have been found to increase cancer risk 
in a few studies but most studies have not found an 
increased risk. 

Diagnosis: Diagnosis of bladder cancer is achieved 
by examination of the bladder wall with a cystoscope, 
a slender tube fitted with a lens and light that can 
be inserted into the tract through the urethra. 

Treatment: Surgery, alone or in combination with 
other treatments, is used in 92% of cases. 

Survival: The 5-year survival rate for bladder cancer 
is 88% when detected in an early stage. For those can¬ 
cers more advanced, the survival rate drops to 41%. 


SKIN CANCER 


Incidence: Over 500,000 cases a year, the vast major¬ 
ity of which are highly curable basal or squamous cell 
cancers. They are more common among individuals 
with lightly pigmented skin, living at latitudes near 
the equator. The most serious skin cancer is malignant 
melanoma, which strikes about 27,000 persons each 
year. The incidence of melanoma is increasing at the 
rate of 3.4% per year. 

Mortality: An estimated 8,200 deaths this year, 6,000 
from malignant melanoma, and 2,200 due to other skin 
cancers. 

Warning Signals: Any unusual skin condition, 
especially a change in the size or color of a mole or 
other darkly pigmented growth or spot. Scaliness, 
oozing, bleeding or the appearance of a bump or nodule, 
the spread of pigment beyond the border, a change 
in sensation, itchiness, tenderness or pain are all 
warning signs of melanoma. 

Risk Factors: Excessive exposure to the sun; fair 
complexion; occupational exposure to coal tar, pitch, 
creosote, arsenic compounds or radium. Among blacks, 
because of heavy skin pigmentation, skin cancer is 
negligible. One study has found that severe sunburn 
in childhood carries with it an excessive risk of mel¬ 
anoma in later life. 

Prevention: Avoid the sun between 10 a.m. and 
3 p.m. when ultraviolet rays are strongest, and use 
protective clothing. Use one of a number of sunscreen 
preparations, especially those containing such ingre¬ 
dients as PABA (para-aminobenzoic acid). They come 
in varying strengths, ranging from those that permit 
gradual tanning to those allowing practically no tanning 
at all. Children, in particular, should be protected from 
traumatic sunburns. 

Early Detection: Early detection is critical Recog¬ 
nition of changes in or the appearance of new skin 
growths is the best way to find early skin cancer. Basal 
and squamous cell skin cancers often take the form 


of a pale, waxlike, pearly nodule, or a red scaly, sharply 
outlined patch. A sudden or continuous change in a 
mole's appearance should be checked by a physician. 
Melanomas often start as small, mole-like growths that 
increase in size, change color, become ulcerated and 
bleed easily from a slight injury. There is a simple ABCD 
rule that will help individuals remember the warning 
signs of melanoma: A is for asymmetry. One half of 
the mole does not match the other half. B is for border 
irregularity. The edges are ragged, notched or blurred. 
C is for color. The pigmentation is not uniform. D is 
for diameter greater than 6 millimeters. Any sudden 
or continuing increase in size should be of special 
concern. 

Adults should practice skin self-examination once a 
month. 

Treatment: There are four methods of treatment: 
surgery (used in 90% of cases), radiation therapy, 
electrodesiccation (tissue destruction by heat), or 
cryosurgery (tissue destruction by freezing) for early 
skin cancer. 

For malignant melanoma, adequate surgical excision 
of the primary growth is indicated. Nearby lymph nodes 
may be removed. The microscopic examination of all 
suspicious moles is essential. Advanced cases of 
melanoma are treated on an individual basis. 

Survival: For basal cell and squamous cell cancers, 
cure is highly likely with early detection and treatment. 
Malignant melanoma can spread to other parts of the 
body quickly. However, when detected in its earliest 
stages, with proper treatment, it is highly curable. 

The overall 5-year survival rate for white patients 
with malignant melanoma is 80% compared with 95% 
for patients with other kinds of skin cancer. The 
5-year survival rate for localized malignant melanoma 
is 89%; however, the survival rate, once melanoma has 
spread, is 39%. 
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PANCREATIC CANCER 


Incidence: An estimated 27,000 new cases in the 
United States in 1989. Pancreatic cancer is the 5th leading 
cancer killer. The incidence rate of pancreatic cancer 
among U.S. blades is about 1.5 times higher than for 
whites. 

Mortality: An estimated 25,000 deaths in 1989 due 
to pancreatic cancer. From 1954 to 1984, the death rates 
for pancreatic cancer in the United States rose 12% to 
10.2 deaths per 100,000 men. During the same period, 
the death rates for women rose 26% to 7.2 deaths per 
100,000 women. 

Warning Signals: Cancer of the pancreas is a "silent" 
disease, one that occurs without symptoms until it is 
advanced. 

Risk Factors: FAsk increases with age after age 30, 
with the highest frequency of incidence occurring 
between ages 65 and 79. Smoking is a major risk factor; 
incidence is more than twice as high for smokers versus 
nonsmokers. The disease is 30% more common in men, 
and occurs about 50% more frequently in black, versus 
white Americans. Some studies, as yet unconfirmed, 
suggest an association with chronic pancreatitis, dia¬ 


betes and cirrhosis. High-fat diets may be a risk factor; 
countries with higher fat consumption levels have 
higher pancreatic cancer rates. Coffee has been inves¬ 
tigated as a possible risk factor, but no conclusive evi¬ 
dence is currently available. 

Early Detection: Research has focused on ways to 
diagnose pancreatic cancer before it is advanced enough 
to cause symptoms. Ultrasound and CT scans are being 
tried, but to date only a biopsy yields a certain 
diagnosis. 

Prevention: Very little is known about what causes 
the disease, or how to prevent it. 

Treatment: Surgery, radiation therapy and anti-cancer 
drugs are used to treat pancreatic cancer, but so far 
have had little influence on outcome. In 59% of cases, 
diagnosis is so late that none of these is used. 

Survival: Only 4% of patients live more than 3 years 
after diagnosis. The 2% of patients whose cancers occur 
in the insulin-producing cells, and not the duct cells 
of the pancreas tend to live longer; about 30% of these 
patients live more than 3 years after diagnosis. 


LEUKEMIA 


Incidence: An estimated 27,300 new cases in 1989, 
about half of them acute leukemia, and half of them 
chronic leukemia, Although it is often thought of as 
primarily a childhood disease, leukemia strikes many 
more adults (25,000 cases per year compared with 2,300 
in children). Acute lymphocytic leukemia accounts for 
about 1,800 of the cases of leukemia among children, 
whereas in adults the most common types are acute 
granulocytic (about 8,000 cases annually), and chronic 
lymphocytic (9,600 cases annually). 

Mortality: An es timated 18,100 deaths in 1989. 

Warning Signals: Symptoms of acute leukemia in 
children can appear suddenly. Early signs may include 
fatigue, paleness, "weight loss, repeated infections, easy 
bruising, nose bleeds or other hemorrhages. Chronic 
leukemia can progress slowly and with few symptoms. 

Risk Factors: Leukemia, a cancer of the bloodforming 
tissues, strikes both sexes and all ages. Causes of most 
cases are unknown.. Individuals with Down's syndrome 
(mongolism) and certain other hereditary abnormalities 
have higher than normal incidence of leukemia. It has 
also been linked to excessive exposure to radiation and 
certain chemicals such as benzene. 

Early Detection: Leukemia may be difficult to diag¬ 
nose early because symptoms often appear to be those 
of other less serious conditions. When a physician does 
suspect leukemia, a diagnosis can be made through 
blood tests and an examination of bone marrow. 

Treatment: Chemotherapy is the most effective meth¬ 
od of treating leukemia. Today, continuing research in 
leading US. medical centers is yielding new and better 


drugs for treating leukemia patients. A variety of anti¬ 
cancer drugs are used, either in combinations or as 
single agents. To prevent persistence of hidden cells, 
therapy of the central nervous system has become 
standard treatment, especially in acute lymphocytic 
leukemia. Under appropriate conditions, bone marrow 
transplantation may be useful in the treatment of certain 
leukemias. 

When leukemia occurs, millions of abnormal, imma¬ 
ture white blood cells are released into the circulatory 
systems. These abnormal cells crowd out normal white 
cells to fight infection, platelets to control hemorrhaging 
and red blood cells to prevent anemia. Transfusions 
of blood components and antibiotics are used as 
supportive treatments. 

Survival: The overall, average 5-year survival rate for 
white patients with leukemia is 33%, due partly to very 
poor survival of patients with some types of leukemia 
such as acute granulocytic. The 5-year survival rate 
for black patients is 28%. Over the last 30 years, however, 
there has been a dramatic improvement in survival of 
patients with acute lymphocytic leukemia: From a 5- 
year survival of 4% for white males diagnosed in the 
early 1960's to 27% in the early 1970's to 46% around 
1980; for white females diagnosed in the same time 
periods, from 3% to 29% to 52%. In white children, 
the improvement has been from 4% to 68%. Moreover, 
in some medical centers, optimum treatment has raised 
survival of children with acute lymphocytic leukemia 
up to 75%. 
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FIVE-YEAR CANCER SURVIVAL RATES* FOR SELECTED SITES 
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UTERI 


OVARY 

PROSTATE 

TESTIS 

BLADDER 

LEUKEMIA 



ALL STAGES 


REGIONAL 


•Adjusted for normal life expectancy. 

This chart is based on cases diagnosed in 1979-1984. 


Source: Surveillance and Operations Research Branch, 
National Cancer Institute. 


HOW TO ESTIMATE CANCER STATISTICS LOCALLY 


Community 

Population 

Estimated No. 
Who Are AJive, 
Saved from 
Cancer 

Estimated No. 
Cancer Cases 
Under 

Medical Care 
in 1989 


10 

5 


20 

11 

*' T* SM 

30 

16 

4,000 

40 

21 

5,000 

50 

26 

10,000 

100 

52 

25,000 

250 

131 

50,000 

500 

262 

100,000 

1,000 

525 

200,000 

2,000 

1,050 

500,000 

5,000 

2,625 


Estimated No. Estimated No. 


Who Will Die 
of Cancer 
in 1989 


of 

New Cases 
in 1989 



Estimated No. Estimated No. Estimated No. 
Who Will Be Who Will Who Will Die 

Saved from Eventually of Cancer if 

Cancer Develop Present Rates 

in 1989 Cancer Continue 


280 

560 

840 

1,120 

1,400 

2,800 

7,000 

14,000 

28,000 

56,000 

140,000 


NOTE: The figures can only be the roughest approximation of actual data for your community and should be used with caution. It is 
suggested that every effort be made to obtain actual data from a Registry source. 
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CANCER BY AGE AND RACE* 

BLACK AMERICANS 


A study of cancer rates over several decades shows 
that the cancer .incidence rate for blacks is higher than 
for whites, and that the death rate is also higher. Over 
a 30-year period, black male cancer death rates rose 
by 77% compared to a 10% increase in black females. 
Incidence rates in blacks also have increased in both 
males and females. 

The overall cancer incidence rate for blacks went up 
27%, while for whites it increased 12%. Cancer mortality 
has increased in. both races, but the rate for blacks is 
greater than for whites. The rates were virtually the 
same 30 years ago. Since then, cancer death rates in 
whites have increased 10%, while black rates have 
increased almost 50%. 

Cancer sites where blacks had significantly higher 
increases in incidence and mortality rates included the 
lung, colon-rectum, prostate and esophagus. Esopha¬ 
geal cancer, long considered mainly a disease of males, 
remained about the same in whites and rose rapidly 
in blacks of both sexes. 

The incidence of invasive cancer of the uterine cervix 


dropped in both black and white women, although the 
incidence in blacks is still double that in whites. 
However, the rate for endometrial cancer—or cancer 
of the body of the uterus—for white women is almost 
double that of black women. 

Survival rates for patients diagnosed between 1974 
and 1982 were compared for whites and blacks. More 
whites than blacks had cancer diagnosed in an early, 
localized stage when the chances of cure are best: 39% 
for whites versus 33% for blacks. 

In a survey done for the ACS by the Gallup Orga¬ 
nization in December 1987, the public's awareness and 
use of cancer tests was determined. The survey showed 
that 93% of white women knew of the Pap test and 
that 88% had had the test at some time, while 92% 
of black women knew of it and 79% had had it. For 
proctoscopic exams, 60% of the white population were 
aware of the procedure and 29% had had it at some 
time. For blacks, only 49% were aware of it and 22% 
had had it. 


THE ECONOMICALLY DISADVANTAGED 


A 1986 ACS Special Subcommittee report, "Cancer 
in the Economically Disadvantaged" found that cancer 
survival, and in some cases incidence, are related to 
socioeconomic factors such as the availability of health 
services. The report also found that ethnic differences 
in cancer are secondary to socioeconomic factors, and 
that there are higher rates of cancer mortality for 


patients of low socioeconomic status compared to those 
in higher brackets. Estimates suggest that at least half 
of the differences in survival rates are due to late 
diagnosis among economically disadvantaged patients, 
pointing up the need for more effective early detection 
programs and better access to treatment among this 
segment of the American population. 


HISPANIC-AMERICANS 


A recent ACS-sponsored report described Hispanic 
attitudes toward cancer, cancer risk reduction and early 
detection. The study, conducted for the Society by the 
firm of Clark, Mart ire and Bartolomeo, Inc., underscored 
an urgent need for extensive cancer education and 
information programs directed to Hispanic-Americans. 
Survey findings shewed that Hispanic-Americans are 


not adequately aware of most of the warning signals 
of cancer or of ways to reduce cancer risk, and that 
they tend not to seek early detection or treatment. The 
study identified the key psychological, cultural and 
economic barriers hindering the fight against cancer 
in the Hispanic-American community. 


CHILDREN 


Incidence: An estimated 6,600 new cases in 1989, 
making it rare as a childhood disease. Common sites 
include the blood and: bone marrow, bone, lymph nodes, 
brain, nervous system, kidneys and soft tissues. 

Mortality: An estimated 1,800 deaths in 1989, about 
half of them from leukemia. Despite its rarity, cancer 
is tlie chief cause of death by disease in children 
between the ages of 3 and 14. Mortality has declined 
from 8.3 per 100,000 in 1950 to 3.5 in 1986. 

Early Detection: Cancers in children often are dif¬ 
ficult to recognize. Parents should see that their 
children have regular medical checkups, and be alert 


to any unusual symptoms that persist. They include: 
unusual mass or swelling; unexplained paleness and 
loss of energy; sudden tendency to bruise; persistent, 
localized pain or limping; prolonged, unexplained fever 
or illness; frequent headaches, often with vomiting; 
sudden eye or vision changes; and excessive, rapid 
weight loss. 

Some of the main childhood cancers are: 

Leukemia: See preceding section. 

Osteogenic Sarcoma and Ewing's Sarcoma are bone can¬ 
cers. There may be no pain at first, but swelling m 
the area of the tumor is often a first sign. 
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CANCER BY ACE AND RACE 


Neuroblastoma can appear anywhere but usually in 
the abdomen, where a swelling occurs. 

Rhabdomyosarcoma , the most common soft tissue 
sarcoma, cam occur in the head and neck area, genito¬ 
urinary areii, trunk and extremities. 

Brain Cancers in early stages may cause headaches, 
blurred or double vision, dizziness, difficulty in walking 
or handling objects, and nausea. 

lymphomas, and Hodgkin's Disease are cancers that 
involve the lymph nodes, and also may invade bone 
marrow and other organs. They may cause swelling 
of lymph nodes in the neck, armpit or gToin. Other 
symptoms may include general weakness and possibly 
fever. 

Retinoblastoma ,, or an eye cancer, usually occurs in* 


children under the age of four. When detected early, 
cure is possible with appropriate treatment. 

Wilms' Tumor , a kidney cancer, may be recognized 
by a swelling or lump in the abdomen. 

Treatment: Childhood cancers can be treated by a 
combination of therapies, coordinated by a team of 
experts. They include oncologic physicians, pediatric 
nurses, social workers, psychologists and others who 
assist children and their families. 

Survival: Five-year survival rates vary considerably, 
depending on the site. Among those for white children: 
bone cancer, 48%; neuroblastoma, 56%; brain and cen¬ 
tral nervous system, 56%; Wilms' tumor (kidney), 82%; 
and Hodgkin's disease, 91%. (Data for black children 
is insufficient.) 


•Figures for cancer incidence are from the National Cancer Institute National Surveys, 1947, and the NCI SEER Program, 1973-1985; those for 
cancer mortality are from the National Center for Health Statistics, 1953-55 to 1983-85. 


TRENDS IN SURVIVAL BY SITE OF CANCER, BY RACE 
Cases Diagnosed in 1960-63,1970-73,1974-76,1977-78, 1979-84 



WHITE 

BLACK 

SITE 

1960-63 1 

RELATIVE 5-YEAR SURVIVAL 
1970-73’ 1974-76 2 1977-782 

1979-842 

1960*63’ 

RELATIVE 5-YEAR SURVIVAL 
1970-73 1 1974-76 2 1977-78 2 

1979-842 

All Sites 

39% 

43% 

50% 

50% 

50% 

27% 

31% 

38% 

a? 

oo 

37% 

Oral Cavity & Pharynx 

45 

43 

54 

53 

54 

- 

- 

35 

35 

31 

Esophagus 

4 

4 

5 

6 

7 

1 

4 

4 

2 

5 

Stomach 

11 

13 

14 

15 

16* 

8 

13 

15 

16 

17 

Colon 

43 

49 

50 

52 

54* 

34 

37 

45 

44 

49 

Rectum 

38 

45 

46 

50 

52* 

27 

30 

40 

40 

34 

Liver 

2 

3 

4 

• 3 

3 

- 

- 

1 

1 

5 

Pancreas 

1 

2 

3 

2 

3 

1 

2 

2 

3 

5 

Larynx 

53 

62 

66 

69 

66 . 

- 

- 

58 

59 

55 

Lung & Bronchus 

8 

10 

12 

13 

13* 

5 

7 

11 

10 

11 

Melanoma of Skin 

60 

68 

78 

81 

80“ 

- 

- 

62## 

- 

61# 

Breast (females) 

63 

68 

74 

75 

75* 

46 

51 

62 

62 

62 

Cervix Uteri 

58 

64 

69 

69 

67 

47 

61 

61 

63 

59 

Corpus Uteri 

73 

81 

89 

87 

83* 

31 

44 

61 

58 

52* 

Ovary 

32 

36 

36 

37 

37* 

32 

32 

41 

40 

36 

Prostate Cland 

50 

63 

67 

70 

73* 

35 

55 

56 

64 

60* 

Testis 

63 

72 

78 

86 

91* 

- 

- 

77# 

- 

82# 

Urinary Bladder 

53 

61 

73 

75 

77* 

24 

36 

47 

53 

57* 

Kidney & Renal Pelvis 

37 

46 

51 

50 

51 

38 

44 

49 

54 

53 

Brain & Nervous System 

18 

20 

22 

23 

23 

19 

19 

27 

24 

31 

Thyroid Cland 

83 

86 

92 

92 

93 

- 

- 

88 

92 

95 

Hodgkin's Disease 

40 

67 

71 

73 

74* 

- 

- 

67# 

79# 

69 

Non-Hodgkin's Lymphoma 

31 

41 

47 

48 

49* 

- 

- 

47 

46 

49 

Multiple Myeloma 

12 

19 

24 

24 

24 

- 

- 

28 

30 

29 

Leukemia 

14 

22 

34 

37 

32 1 

- 

- 

30 

31 

27 


Source: Surveillance and Operations Research Branch, National Cancer Institute. 

1 Rates are based on lind Results Croup data from a series of hospital registries and one population-based registry. 

2 Rates are from the SEER Program. They are based on data from population-based registries in Connecticut, New Mexico, Utah, Iowa, Hawaii, Atlanta, Detroit, 
Seattle-Puget Sound and San Francisco-Oakland. Rates are based on follow-up of patients through 1985. 

0 The difference in rates between 1974-76 and 1979*84 is statistically significant (p < .05}. 

It The standard error of the survival rate is between 5 and 10 percentage points. 

## The standard error of the survival rate is greater than 10 percentage points. 

-Valid survival rate could not be calculated. 
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PREVENTION 


PRIMARY PREVENTION REFERS TO STEPS THAT MIGHT BE TAKEN TO AVOID THOSE 
FACTORS THAT MIGHT LEAD TO THE DEVELOPMENT OF CANCER. 

SMOKING 

Cigarette smoking is responsible for 85% of lung cancer cases among men and 75% among 
women—about 83% overall. Smoking accounts for about 30% of all cancer deaths. Those 
who smoke two or more packs of cigarettes a day have lung cancer mortality rates 15 to 
25 times greater than nonsmokers. 

SUNLIGHT 

Almost all of the more than 500,000 cases of non-melanoma skin cancer developed each 
year in the U.S. are considered to be sun-related. Recent epidemiological evidence shows 
that sun exposure is a major factor in the development of melanoma and that the incidence 
increases for those living near the equator. (See Selected Cancer Sites: Skin Cancer) 

ALCOHOL 

Oral cancer and cancers of the larynx, throat, esophagus, and* liver occur more frequently 
among heavy drinkers of alcohol. (See Selected Cancer Sites: Oral Cancer) 

SMOKELESS 

TOBACCO 

Increased risk factor for cancers of the mouth, larynx, throat, and esophagus. Highly habit 
forming. (See Selected Cancer Sites: Lung Cancer and Oral Cancer) 

ESTROGEN 

For mature women, certain risks associated with estrogen treatment to control menopausal 
symptoms, including an increased risk of endometrial cancer. Use of estrogen by menopausal 
women needs careful discussion by the woman and her physician. (See Selected Cancer 
Sites: Uterine Cancer) 

RADIATION 

Excessive exposure to radiation can increase cancer risk. Most medical X rays are adjusted 
to deliver the lowest dose possible without sacrificing image quality. The ACS believes there 
is a potential problem of radon in the home. If levels are found to be too high, remedial 
actions should be taken. 

OCCUPATIONAL 

HAZARDS 

Exposure to a number of industrial agents (nickel, chromate, asbestos, vinyl chloride, etc.) 
increases risk. Risk factor greatly increased when combined with smoking. 

NUTRITION 

Risk for colon, breast and uterine cancers increases for obese people. High-fat diet may be 
a factor in the development of certain cancers such as breast, colon and prostate. High- 
fiber foods may help reduce risk of colon cancer, and can be a wholesome substitute for 
high-fat diets. Foods rich in vitamins A and C may help lower risk for cancers of larynx, 
esophagus, stomach and lung. Eating cruciferous vegetables may help protect against certain 
cancers. Salt-cured, smoked and nitrite-cured foods have been linked to esophageal and 
stomach cancer. The heavy use of alcohol, especially when accompanied by cigarette smoking 
or chewing tobacco, increases risk of cancers of the mouth, larynx, throat, esophagus, and 
liver. (See above) 

SECONDARY PREVENTION REFERS TO STEPS TO BE TAKEN TO DIAGNOSE A 
CANCER OR PRECURSOR AS EARLY AS POSSIBLE AFTER IT HAS DEVELOPED. 

COLORECTAL 

TESTS 

The ACS recommends three tests for the early detection of colon and rectum cancer in people 
without symptoms. The digital rectal examination, performed by a physician during an office 
visit, should be performed every year after the age of 40; the stool blood test is recommended 
every year after 50; and the proctosigmoidoscopy examination should be carried out every 
3 to 5 years after the age of 50 following two annual exams with negative results. (See Selected 
Cancer Sites: Colon and Rectum Cancer) 

PAP TEST 

For cervical cancer, women who are or have been sexually active, or have reached age 18 
years, should have an annual Pap test and pelvic examination. After a woman has had three 
or more consecutive satisfactory normal annual examinations, the Pap test may be performed 
less frequently at the discretion of her physician* 

BREAST CANCER 
DETECTION 

The ACS recommends the monthly practice of breast self-examination (BSE) by women 20 
years and older as a routine good health habit. Physical examination of the breast should 
be done every three years from ages 20-40 and then every year. The ACS recommends a 
mammogram every year for asymptomatic women age 50 and over, and a baseline mammo¬ 
gram between ages 35 and 39. Women 40 to 49 should have mammography every 1-2 years, 
depending on physical and mammographic findings. 
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PREVENTION 

CANCER-RELATED CHECKUP GUIDELINES 



Guidelines for the early detection of cancer in people 
without symptoms are recommended by the American 
Cancer Society as follows: 

A cancer-related checkup: 

• every 3 years for those 20-40 years of age. 

• every year for those 40 and over. 

The Society advises that you talk with your doctor. 
Ask how the guidelines apply to you. The checkup 
should always include health counseling (such as tips 
on quitting smoking) and examinations for cancer of 
the thyroid, testes, prostate, mouth, ovaries, skin and 
lymph nodes. 

In particular 

• Ages 20-40—For breast cancer, an examination by 
a physician every three years, a self-exam every month, 
and one baseline breast X ray between the ages of 35 
and 39. For cervical cancer, women who are or have 
been sexually active, or have reached age 18, should 
have an annual Pap test and pelvic examination. After 
a woman has had three or more consecutive satisfactory 


normal annual examinations, the Pap test may be per¬ 
formed less frequently at the discretion of her physician. 
* Ages 40 and over—For breast cancer, a professional 
exam every year, a self-exam every month and a breast 
X ray every 1-2 years for those 40-49; every year for 
those 50 and over. For cervical cancer, women who 
are or have been sexually active, or have reached age 
18 years, should have an annual Pap test and pelvic 
examination. After a women has had three or more 
consecutive satisfactory normal annual examinations, 
the Pap test may be performed less frequently at the 
discretion of her physician. For women at risk, an 
endometrial tissue sample at menopause should be 
taken. For colon and rectum cancer, a digital rectal exam 
every year after 40, and a stool blood test every year 
after 50 as well as a procto exam every 3-5 years after 
two initial negative tests one year apart. 

Some people are at higher risk for certain cancers 
and may need tests more frequently. (See pp. 9-14 for 
high risk factors.) 


COLORECTAL CANCER: EARLY DETECTION IS THE KEY 


When cancer of the colon and rectum is found and 
treated in an early, localized stage, the 5-year survival 
rate is 90% for colon cancer and 80% for rectal cancer. 
However, survival figures drop to 40% and 31%, re¬ 
spectively, after the cancer has started to spread to other 
parts of the body. 

Because colorectal cancer develops over a period of 
time, detection of the disease is possible long before 
symptoms appear. Early detection of small cancers and 
polyps reduces the likelihood of major surgery and the 
need for a col'ostomy—an abdominal opening created 
for the elimination of wastes. In fact, permanent colos¬ 
tomies are rare in cases of colon cancer, and are neces- 
sary in only 15% of rectal cancer cases. 

Colorectal cancer is second only to lung cancer in 
terms of incidence. Currently, about 151,000 new cases 
develop each year; about 61,000 people die from the 
disease annually. The incidence of colorectal cancer 
tends to increase with age, starting at 40 years. More 
than 94% of all cases occur after the age of 50. Colorectal 
cancer occurs* about equally in both sexes. Anyone with 
a personal or family history of colorectal cancer, polyps 
in the colon or inflammatory bowel disease, is at 
particularly high risk for the disease and should be 
examined caremlly. 

Evidence suggests that bowel cancer may be linked 
to a diet high in fat and/or low in fiber content. 

Projected 5-year survival rates for colorectal cancer 
show that eciriy detection saves lives. Currently, the 
5-year survival: rate is estimated at 55%. With the use 
of early detection techniques, such as the digital rectal 
exam, the stool blood test and sigmoidoscopy, and with 
appropriate management, the survival rate for patients 
with colorectal cancer could be increased from 55% to 
85%. This means that, over a period of time, 125,000 
lives, versus the current 80,000, could be saved each 
year. 


It is recommended that the following procedures, all 
part of a cancer-related checkup, be performed at 
designated intervals: 

• A digital rectal examination every year after age 40. 

• A stool blood test every year after age 50. 

• A procto every three to five years after the age of 

50, following two annual negative examinations. 

These guidelines apply only to people without symp¬ 
toms. Persons with rectal bleeding, cramping abdom¬ 
inal pain, or a change in bowel habits should see their 
physicians immediately. 

A 1987 study of men and women age 40 and over, 
conducted for the Society by the Gallup Organization, 
revealed a number of important findings concerning 
Americans' attitudes toward detection measures for 
colorectal cancer. There has been some increase in 
public awareness of the 3 tests recommended to detect 
the disease, but there is much room for improvement. 
The study found, for instance, that the percentage of 
Americans who ever had a digital rectal examination 
increased slightly since 1983, from 51% to 56%. Likewise, 
the percentage of Americans who ever had a stool blood 
test rose, from 28% in 1983 to 40% in 1987. And while 
the percentage of men and women 50 and over who 
ever had a proctoscopic examination rose from 31% 
in 1983 to 42% in 1987, 60% of Americans who should 
have the examination (according to the ACS guidelines) 
have not had it. 

The survey also showed that 24% of those individuals 
in the 40-plus age group have ever asked their doctor 
to examine their colon or rectum. And of this group, 
more than half did so only because something was 
bothering them. 

On the promising side, the survey showed that almost 
50% of all Americans would be interested in learning 
more about this form of cancer. 


19 

Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025S4S928 



CANCER FACTS AND FIGURES 1989 


PREVENTION 

BREAST CANCER: A PROGRAM OF ACTION 


About one out of every 10 women in the United States 
will develop breast cancer during her lifetime. And until 
the disease can be prevented, the best way women can 
protect themselves is through early detection and 
prompt treatment. Today, with modem technologies, 
breast cancer can be detected at very early stages of 
development, when the chance of cure is highest. 

The risk of bre ast cancer increases as a woman grows 
older, and genetic and lifestyle variances—a history of 
breast cancer in a close family relative, giving first birth 
after age 30, never giving birth, and obesity (body 
weight 40% above normal)—may increase risk further. 

The American Cancer Society recommends that 
women develop a three-part, personal plan of action, 
in cooperation with their doctors for early detection 
of breast cancer. (See page 19 for Checkup Guidelines.) 

A clinical breast exam should be performed by a 
doctor as part of a regular health checkup. This includes 


a visual inspection of the breasts, looking for changes 
in shape or size or skin dimpling, followed by a thor¬ 
ough inspection of the breast, chest and armpits. 
Women should ask their doctors how often they should 
have a clinical breast exam. 

A mammogram is a low-dose breast X ray that can 
identify cancers too small to be felt. Follow the ACS 
guidelines for recommended frequency, depending on 
age and health history. Recent improvements have 
reduced the amount of radiation necessary for high- 
quality mammograms. 

The Society recommends that all women over the 
age of 20 perform breast self-examination once a month. 
BSE is important because breast cancer symptoms may 
develop and be found between clinical breast exams 
or mammography. Through regular self-examination 
women become familiar with their breasts, making any 
changes more likely to be noticed. 


TOBACCO USE 


The American Cancer Society estimates that cigarette 
smoking is responsible for 85% of lung cancer cases 
among men and 75% among women—about 83% 
overall. 

The cancer death rate for male cigarette smokers is 
more than double that of nonsmokers, and the rate for 
female smokers is 67% higher than for nonsmokers. 
The American Cancer Society estimates that 40% of male 
smokers and 28% of female smokers die prematurely, 
or about 35% overall. 

The higher cancer rates for men reflect the fact that 
in the past, more men than women smoked, and 
smoked more heavily. In recent years, however, the 
gap between male and female smoking has been 
narrowing. 

Smoking also has been implicated in cancers of the 
mouth, pharynx, larynx, esophagus, pancreas, cervix 
uteri and bladder. Smoking accounts for about 30% of 
all cancer deaths, h a major cause of heart disease, and 
is linked to conditions ranging from colds and gastric 
ulcers to chronic bronchitis and emphysema. 

Smoking is related to 390,000 deaths each year. A 
September 1985 study by the U.S. Congress Office of 
Technology Assessment estimates the cost of smoking 
to the economy from $38 billion to $95 billion, with 
a middle estimate of $65 billion. This amounts to $2.17 
in lost productivity and the treatment of smoking- 
related diseases for each pack of cigarettes sold. 

A Decline in Smoking 

A September 1987 tobacco report of the U.S. Depart¬ 
ment of Agriculture estimates cigarette output in 1987 
at 654 billion, down 1.0% from 1986, about the same 
decrease as the previous year. 

From 1976 to 1987, adult male smokers (20 years and 
older) dropped from 42% of the population to 33%, while 
women smokers decreased from 32% to 28%, according 
to the National Center for Health Statistics. Overall, 


the percentage of adult smokers in the population had 
dropped to 30%. A 1987 report from the Office of 
Smoking and Health says that 26.5% of Americans now 
smoke. 

Per capita cigarette consumption among adults has 
fallen—from 4,141 in 1974 to 3,121 in 1988—reflecting 
a growing number of ex-smokers. This is the lowest 
per capita consumption since 1944. From 1965 to 1987, 
the proportion of adult male ex-smokers (20 years 
and older) in the total U.S. population increased from 
20% to 31%, while female ex-smokers rose from 8% 
to 19%. 

A survey supported by the National Institute on Drug 
Abuse indicated that the percentage of high school 
seniors (aged 17 and 18) who smoked cigarettes daily 
decreased from 29% in 1976 to 19% in 1987. 

It is now estimated—from past national surveys and 
data from the Cancer Prevention Study II—that there 
are about 40 million ex-cigarette smokers in the U.S. 
today and about 50 million smokers. 

At the same time, however, the average smoker 
appears to be smoking more heavily. The U.S. Office 
on Smoking and Health reports that the proportion 
of adult male smokers (20 years and older) consuming 
25 or more cigarettes per day increased from 30.7% 
to 32% between 1976 and 1985, and female smokers 
from 19.0% to 21%. 

Figures from the U.S. Department of Agriculture 
show that a total of 567 billion cigarettes were con¬ 
sumed in 1988, down from 575 billion in 1987. 

Nicotine Addiction 

The Surgeon General released a report on nicotine 
addiction in May 1988. The report points out that all 
tobacco products contain substantial amounts of 
nicotine. Nicotine is absorbed readily from tobacco 
smoke in the lungs and from smokeless tobacco in the 
mouth or nose, and is rapidly distributed throughout 
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the body. The conclusions were: 

1) Cigarettes and other forms of tobacco are addicting; 

2) Nicotine is the drug in tobacco that causes addiction; 
and 3) The pharmacologic and behavioral processes 
that determine tobacco addiction are similar to those 
that determine addiction to drugs such as heroin and 
cocaine. 

Lower Tar & Nicotine 

Research has shown that there is no such thing as 
a "safe" cigarette, but that those who are not yet able 
to quit would be well advised to switch to brands with 
the lowest possible tar and nicotine (T/N) content. 
Moreover, low T/N smokers find it easier to quit 
altogether than high T/N smokers. 

In an ACS study conducted from 1960 to 1972, the 
average mortality of low T/N smokers was 16% lower 
than that of high T/N smokers, and the comparable 
figure for lung cancer mortality was 26%. 

It is important to remember that besides tar and 
nicotine, cigarette smoke contains a host of other 
poisonous gases such as hydrogen cyanide, volatile 
aromatic hydrocarbons, and especially carbon monox¬ 
ide—possibly a critical factor in coronary heart disease 
and fetal growth retardation. While some hazards are 
reduced slightly by cigarette filters, certain filtered 
brands have been found to actually deliver more carbon 
monoxide than those without filters. 

Involuntary Smoking Hazards 

There are hazards for nonsmokers who breathe the 
smoke of others' cigarettes. Several scientific studies, 
including a recent study by the American Cancer 
Society, have found an increased risk of lung cancer 
among nonsmoking wives of cigarette smokers. 
Although some studies have not shown an effect, 
evidence continues to grow indicating that involuntary 
smoking is a hazard. 

Two major reviews in 1986 by the Surgeon General 
and the National Academy of Sciences state that 
involuntary smoking is a health hazard. Another NAS 
report, also in 1986, states that the amount of smoke 
inhaled on airplane trips constitutes a hazard, partic¬ 


ularly to airline personnel, and recommended that 
cigarette smoking on airlines be banned. 

The Society's Cancer Prevention Study II, involving 
more than one million Americans, will include a careful 
assessment of cancer risk and other diseases among 
smokers and involuntary smokers. 

Smokeless Tobacco 

There has been a recent resurgence in the use of 
all forms of smokeless tobacco—plug, leaf and snuff— 
but the greatest cause for concern centers on the 
increased use of "dipping snuff." In this practice, 
tobacco that has been processed into a coarse, moist 
powder is placed between the cheek and gum, and 
nicotine, along with a number of other carcinogens, are 
absorbed through the oral tissue. "Dipping snuff" is 
a highly addictive habit, one that exposes the body 
to levels of nicotine similar to those of cigarettes. A 
1986 report of the Advisory Committee to the Surgeon 
General, outlining the health consequences of smoke¬ 
less tobacco use, concluded that there is strong sci¬ 
entific evidence that the use of snuff causes cancer in 
humans, particularly cancer of the oral cavity. Oral 
cancer occurs several times more frequently among 
snuff dippers compared to non-tobacco users, and the 
excess risk of cancer of the cheek and gum may reach 
nearly 50-fold among long-term snuff users. Smokeless 
tobacco is becoming a problem large in scope; the report 
found that in 1985 smokeless tobacco was used by at 
least 12 million people in the United States, and half 
of these were regular users. The use of smokeless 
tobaccos is increasing among male adolescents and 
young male adults. 

Industrial Hazards 

Industrial workers are especially susceptible to lung 
diseases due to the combined ■ effects of cigarette 
smoking and exposure to toxic industrial substances 
such as fumes from rubber, chlorine and dust from 
cotton and coal. Exposure to asbestos in combination 
with cigarette smoking increases an individual's lung 
cancer risk nearly 60 times. 


NUTRITION AND CANCER: A COMMON SENSE APPROACH 


Extensive research is under way to evaluate and 
clarify the role diet and nutrition play in the devel¬ 
opment of cancer. At this point, no direct cause-and- 
effect relationship has been proved, though statistics 
show that seme foods may increase or decrease the 
risks for certain types of cancer. Evidence indicates that 
people might reduce their cancer risk by observing the 
following recommendations: 

1. Avoid obesity* 

Individuals 40% or more overweight increase their 
risk of colon, breast, prostate, gallbladder, ovary, and 


uterine cancers. People with weight problems should 
consult their physicians to determine their best body 
weight, since their medical condition and body build 
must be taken into account. Physicians can recommend 
a suitable diet and exercise regimen to help maintain 
an appropriate weight. 

2. Cut down on total fat intake. 

A diet high in fat may be a factor in the development 
of certain cancers, particularly breast, colon and pros¬ 
tate. In addition, by avoiding fatty foods, people are 
better able to control body weight. 
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3c Eat more high-fiber foods such as whole grain 
cereals, fruits and vegetables. 

Regular consumption of cereals, fresh fruits and 
vegetables is recommended. Studies suggest that diets 
high in fiber may help to reduce the risk of colon cancer. 
Furthermore, foods high in fiber content are a whole¬ 
some substitute for foods high in fat. 

4. include foods rich in vitamins A and C in 
your daily diet. 

People should include in their diet dark green and 
deep yellow fresh, vegetables and fruits, such as carrots, 
spinach, sweet potatoes, peaches, and apricots as 
sources of vitamin A; and oranges, grapefruit, straw¬ 
berries, green and red peppers for vitamin C These 
foods may help lower risk for cancers of the larynx, 
esophagus and the lung. The excess use of vitamin A 
supplements is not recommended because of possible 
toxicity. 

5. Bnclude cruciferous vegetables in your diet. 

Certain vegetables in the cruciferous family- 


cabbage, broccoli, brussels sprouts, kohlrabi and cau¬ 
liflower—may help prevent certain cancers from 
developing. Research is in progress to determine how 
these foods may protect against cancer. Cruciferous 
vegetables have flowers with four leaves in the pattern 
of a cross. 

6. Eat moderately of salt-cured, smoked and 
nitrite-cured foods. 

In areas of the world where salt-cured and smoked 
foods are eaten frequently, there is more incidence of 
cancer of the esophagus and stomach. The American 
food industry has developed new processes to avoid 
possible cancer-causing by-products. 

7. Keep alcohol consumption moderate, if you 
do drink. 

The heavy use of alcohol, especially when accom¬ 
panied by cigarette smoking or smokeless tobacco, 
increases risk of cancers of the mouth, larynx, throat, 
esophagus and liver. 
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PROFILE 


The ACS traces its origins to 1913, when a group 
of ten physicians and five laymen met in New York 
City and founded the American Society for the Control 
of Cancer. Its stated purpose at the time was to 
''disseminate knowledge concerning the symptoms, 
treatment, and prevention of cancer; to investigate 
conditions under which cancer is found; and to com¬ 
pile statistics in regard thereto." Later renamed the 
American Cancer Society, it is today one of the oldest 
and largest voluntary health agencies in the United 
States, comprised of 2.5 million Americans united to 
conquer cancer through balanced programs of research, 
education, patient service and rehabilitation. 

Organization: The American Cancer Society, Inc. is 
composed of a National Society, with 57 chartered 
Divisions and 3,232 Units. 

The National Society: A 206-member House of 
Delegates provides a basic representation from the 57 
Divisions and additional representation on the basis 
of population. It eilects and is governed by a Board 
of Directors of 124 voting members, approximately half 


of whom are members of the medical or scientific 
professions. 

The National Society is responsible for overall plan¬ 
ning and coordination, provides technical help and 
materials to Divisions and Units, administers programs 
of research, medical grants and clinical fellowships, and 
carries out public and professional education on the 
national level. 

The 57 Divisions: These are governed by members 
of Divisional Boards of Directors, both medical and lay, 
in all the states plus five metropolitan areas, the District 
of Columbia and Puerto Rico. 

The Units: These are organized to cover the counties 
in the United States. There are thousands of community 
leaders who direct the Society's programs at this level. 

The Programs: The Society maintains its priorities 
and goals through activities developed by the depart¬ 
ments of Research, Professional Education, Public 
Education, Public Information, Epidemiology and 
Statistics, Service and Rehabilitation, Public Affairs, and 
Crusade. 


PUBLIC EDUCATION 


The American Cancer Society has a strong and long¬ 
standing commitment to educating the public about 
ways of preventing or reducing the risk of developing 
cancer. Because each year thousands of lives could 


be saved through cancer prevention, risk reduction 
and early detection practices, the Society's Public Ed¬ 
ucation programs are designed to inform people 
about cancer, tell them what they can do to protect 
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themselves, and demonstrate related health habits and 
lifestyles. 

The Society places its major educational focus in two 
areas: 1) primary cancer prevention which includes 
smoking control and the relationship between diet, 
nutrition and cancer, and 2) the importance and value 
of periodic, cancer-related checkups and specific cancer 
early detection tests. Prompt action in the event that 
one of cancer's seven warning signals occurs, is also 
encouraged. 

Six cancer sites offer the greatest opportunity for the 
prevention or cure of cancer: colon and rectum, lung, 
breast, uterus, oral cavity and skin. These sites 
account for the majority of cancer cases and about half 
of all cancer deaths. The Society's Public Education 
planning strategy places emphasis on these six sites 
where prevention, risk reduction and early detection 
practices realize the greatest return in terms of lives 
saved. 

Educating the Young and Old 

ACS Public Education programs are divided into two 
major audience categories: adults and youth. Adults 
are reached through their worksite, healthsite and 
community. Programs for adults are carried out in small 
group settings or on a one-to-one basis, involving 
two-way communication and interaction. Whenever 
possible, volunteers are selected on the basis of skills 
that can be readily adapted to Society work, such as 
ex-smokers with group experience who can help in 
smoking cessation programs, and nurses who can teach 
breast self-examination to groups of women. The 
Society reinforces its Public Education messages with 
a variety of audio-visuals, pamphlets and posters. 

Youth programs are organized according to age- 
level to reach children and youth on the pre-school, 
elementary, intermediate and secondary levels. The 
program for youth is a scientific, comprehensive cancer 
education program with promise of significant impact 


on cancer risk. Educational strategies are designed to 
teach young people good health habits, help them to 
make health-enhancing lifestyle decisions and under¬ 
stand health behavior as it relates to cancer risk re¬ 
duction. Materials are available as coordinated com¬ 
ponents or program packages and are implemented 
through existing school curricula or as a basic intro¬ 
duction to health. Youth programs are usually con¬ 
ducted in the nation's schools and often include 
activities to be used in the home and community. 

Reaching More People 

In 1987-88, American Cancer Society Public Education 
programs, carried out at local levels, reached 23 million 
adults and 27 million young people for a total of 50 
million. 

In the decade of the 1980's, the Society, as its goals, 
hopes to encourage more Americans to have tests for 
colorectal cancer, reduce the number of smokers, and 
increase the number of women who have breast cancer 
detection tests and who practice monthly breast self- 
examination, get Pap tests and have endometrial tissue 
samples taken. To help achieve its education objectives 
and priorities, the Society has launched a number of 
programs including "Taking Control" and "Eating 
Smart" for a healthier life of reduced cancer risk; 
"Special Deliver} 7 , Smoke Free" for pregnant women 
who are smokers; "Starting Free, Good Air For Me" 
for preschool children; "Where There's No Smoke..." 
on involuntary tobacco smoke; and an educational 
emphasis on breast cancer detection awareness, 
"Special Touch." 

In addition to the Society's intensive, person-to- 
person educational outreach, broader ACS programs 
blanket the nation with lifesaving messages. During the 
Society's annual door-to-door fund-raising Crusade, 
volunteers make personal home visits, informing 
individuals on how to protect themselves against 
cancer. 


PROFESSIONAL EDUCATION 


ACS Professional Education programs bring the latest 
developments in cancer control and management to 
health professionals, especially primary care providers. 

Professional Education's National conferences, clin¬ 
ical awards, materials, professorships and scholarships 
provide information and training in the prevention and 
early detection of cancer, and in the treatment and 
rehabilitation of cancer patients. Breast Cancer Detec¬ 
tion Awareness, Colorectal Health Check and Tobacco- 
Free Young America are among the major initiatives 
offered by Divisions and Units as interdepartmental 
collaboration promoted by Professional Education. 
Recruitment and involvement of health professionals 
into Professional Education remains a major objective, 
particularly primary care providers. 


Audiovisuals, Journals, and Other Publications 

Videotapes, films, slide sets, audiotapes, publications 
and exhibits are available for physicians and other 
health professionals as well as for programs in hospitals, 
medical, dental and nursing schools. The Society pub¬ 
lishes several texts and pamphlets dealing with various 
cancer issues along with proceedings of its conferences 
and workshops. Audiovisuals and other publications 
are distributed through ACS Divisions and Units. 

Ca-A Cancer Journal for Clinicians, (470,000 circulated) 
is directed to update health professionals about cancer. 
The Society supports the publication of Cancer, directed 
to those specializing in cancer research and in the care 
of the cancer patient 
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Nursing Programs 

Cancer Nursing News is sent to about 90,000 nurses. 
It keeps nurses up-to-date on cancer, oncology nursing, 
the American Cancer Society, and opportunities in 
continuing education. The newsletter is sent free to 
any nurse; requests for subscriptions should be sent 
to the Executive Editor, Cancer Nursing News, do 
American Cancer Society, 1599 Clifton Road, N.E., 
Atlanta, GA 30329. 

Twenty one-year nursing scholarships are awarded 
each year to qualified graduate students studying for 
a master's degree with a specialty in cancer nursing. 
The recipients may apply for a second year's funding. 
A training program to prepare nurses for Ph.D.'s in 
related fields was initiated with the funding of the first 
three candidates in 1986. 

Professorships in Clinical Oncology 

Leading experts in oncology are supported to pro¬ 
mote cancer education in medical and health profes¬ 
sional schools. Since the award's inception in 1970, the 
Society has funded 53 professors. Recently the program 
has expanded to fund its first Professor involved in 
Dental Oncology. 

Clinical Oncology Awards 

The ACS National Clinical Awards Program was 
established in 1948 to provide broad support for oncol- 
ogy training at qualified hospitals and institutions. Over 
the past 40 years. Regular Clinical Fellowships and 
Junior Faculty Clinical Fellowships have had consid¬ 
erable impact on the training of physicians and dentists 
in oncology specialties, training over 8,500 individuals 
to provide care to cancer patients nationwide. 

The program has changed somewhat over time; the 
original awards have been modified based on changes 
in oncology over time. Currently, monies are provided 
via the Clinical Oncology Fellowships (COF) and 
Clinical Oncology Career Development Award (CDA). 


The former program replaces the regular Clinical 
Fellowship and intends to provide unique training 
opportunities for fellows to expand their expertise in 
oncology. The CDA is awarded to outstanding indi¬ 
viduals who have demonstrated a commitment to pur¬ 
sue an academic career in oncology. 

For the first time, a traineeship is being offered for 
Oncology Social Workers committed to clinical practice 
and research to benefit cancer patients and their 
families. The first awards will be made in 1989 to 24 
master's and post-master's candidates. 

To meet the needs in cancer prevention and detection, 
the concept of a new career development award for 
primary care physicians is under consideration. When 
accepted, these awards will help develop academic 
leaders in primary care to promote lifesaving tech¬ 
niques to the critical specialties. 

The implementation of training program support for 
allied health professionals is also being studied. By 
broadening and expanding our efforts in oncology 
training, the Society's long-term goal of promoting 
cancer education, cancer control and cancer manage¬ 
ment among all health care providers will be advanced. 

Unproven Methods of Cancer Management 

The American Cancer Society maintains information 
on unproven methods of cancer management. This 
information is reviewed in-depth and is issued in 
position statements. These statements are available on 
request to physicians, science writers, editors and the 
general public, to assist in evaluating claims made for 
unproven methods of diagnosis and treatment. 

The Committee on Unproven Methods of Cancer 
Management has commissioned a survey to determine 
the prevalence of, reasons for use, and patterns of use 
of unproven methods by the cancer patient. The 
findings from this study will provide guidelines for 
future programs in unproven methods of cancer 
management. 


SERVICE AND REHABILITATION 


In 1988, over one-half million cancer patients were 
reached through the innovative service and rehabil¬ 
itation programs: of the American Cancer Society. 
Because of the many volunteers at the Division and 
Unit levels, the Society is able to offer a wide range 
of services. 

Service Programs 

Resources Information and guidance Services. Specific 
information is provided about cancer, as well as referral 
to Society services and other resources in the com¬ 
munity to meet the social, psychological and home care 
needs of cancer patients and their families. 

Home Care Item*;. This program provides necessary 


useful home care supplies, equipment, dressings and 
gifts for the comfort and recreation of the patient. 

Transportation. Through the efforts of volunteer drivers 
in programs such as Road to Recovery, transportation 
is provided to patients, enabling them to maintain their 
medical and continuing care programs. 

Rehabilitation Programs 

CanSurmount. This is a short-term visitor program for 
patients, and the families of patients, with many types 
of cancer. Hospital and home visits are made with the 
approval of the physician. The one-to-one visit by a 
person who has experienced the same type of cancer 
offers functional, emotional and social support. 
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Reach to Recovery. This program' the largest of the 
Society's patient visitor programs, addresses the many 
needs of women who have or have had breast cancer. 
Carefully selected and trained volunteer visitors 
provide support and information, with the approval 
of the attending physician. The program is designed 
to help women meet the physical, emotional, and 
cosmetic needs related to their disease and/or its 
treatment. In addition, literature and services to help 
husbands, children and friends of breast cancer patients 
are available. 

Laryngectomy Rehabilitation. Spearheaded by the 
International Association of Laryngectomees (IAL), this 
program brings the message that a laryngectomee can 
return to a normal life. Coordinated through more than 
325 clubs, laryngectomee visitors provide pre- and/or 
postoperative support to patients who have recently 
undergone removal of the larynx. 


Ostomy Rehabilitation.' Some patients with intestinal 
or urinary cancers must have abdominal ostomies 
(surgically constructed openings for elimination of 
body wastes). Trained volunteers who have experienced 
this same type of surgery offer help on a one-to-one 
basis. Cooperating with the United Ostomy Association 
and enterostomal therapists, patients are assisted in 
their physical and psychological adjustment 

Patient and Family Education Programs 

The Society sponsors group and individual education 
programs, distributes pamphlets and booklets and 
provides audiovisual presentations for patients of all 
ages and their families to help them understand and 
deal with the complexities of the disease. 

I Can Cope. Information is provided on cancer therapy, 
treatment, side effects, nutrition, resource availability 
and other topics of interest to cancer patients and their 
families. 


ALLOCATION OF ACS FUNDS BASED ON TOTAL 1987-1988 BUDGET-$331,365 
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COSTS OF CANCER 


A study by the National Center for Health Statistics 
(NCHS) puts overall medical costs for cancer at $71.5 
billion for 1985; $21.8 billion for direct costs; $8.6 billion 
for so-called morbidity costs (cost of lost productivity), 
and $41.2 billion for mortality costs. The figures show 
that cancer accounts for 10% of the total cost of disease 
in the U.S. and that its share of the total cost of pre¬ 
mature death is about 18% of all causes of death. 

Individuals have several sources of help in paying 
for cancer costs: third-party payers such as Blue Cross 


and private insurance companies, public agencies and 
private health organizations. Cancer is covered by 
personal insurance plans either under narrowly defined 
cancer policies or through catastrophic illness provi¬ 
sions in comprehensive insurance programs. 

The Third National Cancer Survey showed that for 
patients under 65 years, Blue Cross and private insurers 
were the source of payment in over 77% of the cases. 
For patients over 65, Medicare paid expenses in nearly 
88% of the cases. 
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THE ACS AND RESEARCH 


The American Cancer Society is the largest source 
of private cancer research funds in the United States, 
second only to the National Cancer Institute, an agency 
of the Federal government. 

The Society's overall investment in research each year 
has grown steadily from $1 million in 1946 to over $86 
million* today. This sum represents nearly a third of 
the total ACS budget. To date, the Society has invested 
close to $1 billion in cancer research. 

The research program focuses primarily on inves¬ 
tigator-initiated projects, rather than directed research 
undertaken on a contract basis. With the exception of 
staff and facilities to carry out its epidemiological 
studies, the ACS neither hires staff researchers nor 
operates its own laboratories. This gives the Society 
the freedom to place its grants where the most 
innovative and promising ideas are being explored. 

A key factor in the role of the Society in cancer 
research is providing qualified scientists with alterna¬ 
tive funding sources to carry out their work. The Society 
believes it can make the most effective use of its 
research funds by supporting investigators working in 
established medical and other scientific institutions 
across the country. In this way there is a minimum 
of overhead and a maximum of flexibility to make sure 
that research money has the highest probability of 
yielding results that will benefit people. 

Applications for ACS grants are put through a 
rigorous process of evaluation, beginning with careful 
study by the appropriate one of 12 scientific review 
committees and then by two additional groups of 
experts. They must be given final approval by the 
National Board of Directors. 

Kinds of Grants 

The Society's research program is diverse in concept 
and recipients. It provides support both for established 
scientists and those 1 starting out on their own inde¬ 
pendent research. It funds postdoctoral training for 
promising young investigators and stimulates new 
ideas in cancer research among those working in uni¬ 
versities, institutes and teaching hospitals. 

Overall, the program offers five types of grants: 
(1) Research and Clinical Investigation Grants to ftnance 
investigator-initiated research; (2) Institutional Re¬ 
search Grants to uni versities, institutes and hospitals 
to support pilot studies and the work of young 
investigators in cancer; (3) Research Personnel Grants 
to outstanding scientists and fellows specializing or 
planning to specialize in cancer research; (4) Research 
Development Program Grants to provide rapid funding 
for priority projects; and (5) Special Institutional Grants 
for Cancer Cause and Prevention Research to provide 
longer term funding for interdisciplinary projects for 
which support is not readily available through the 
Society's other programs. 

Research Professorships. The Research Professorship 
program, unique in; the field, has been in existence 


since 1957. The Society supports 25 of the nation's most 
gifted scientists for long periods of time, until their 
retirement. These are people devoting their lives' work 
to cancer research. Freed of major administrative 
responsibilities and other restrictions, they can con¬ 
centrate on their fields of scientific investigation. 

Clinical Research Professorships. This novel and 
unique program is a new initiative of the Society to 
provide support for clinicians and scientists who are 
able to facilitate advances in clinical cancer research 
by bridging the gap between basic science and clinical 
medicine. Three awards have been made since the 
inception of the program in 1987. 

Physicians' Research Training Fellowships. Unique 
in the research world, this type of Research Personnel 
Grant was inaugurated in 1981 because of a dearth of 
MD's in the research field. It provides an opportunity 
for physicians to take three years from their medical 
careers to train as researchers. 

Research Development Program. Established to 
identify and provide rapid funding for high priority 
projects, approved applications can be funded in less 
than three months. This compares with the 10 to 18 months 
required by the Federal government before a new 
application can be funded. 

The kinds of research projects eligible under the 
Research Development Program include: (1) unique 
research opportunities which cannot wait for the 
normal lengthy funding procedures; (2) unanticipated 
needs relating to research already under way; (3) 
program coordination, especially that involving clinical 
trials and the dissemination of research results to 
community hospitals; and (4) program integration 
between the American Cancer Society and other health 
organizations. 

All applications are evaluated for merit, qualifications 
and productivity of the investigator, relevance, need 
for rapid funding, and probability of the project's 
eventual contribution to cancer control. More than $13 
million has been appropriated so far to the Research 
Development Program, over half of which has been 
for interferon research. 

Interferon Research. Interferons, a group of natural 
body proteins, were discovered as antiviral agents, and 
later found to have some anticancer activity. In 1978, 
the Society invested an unprecedented $2 million to 
purchase interferon for clinical trials. At the time, 
interferons were extremely scarce and expensive, since 
they were obtained from human blood cells. 

Interferons work dramatically to improve certain 
diseases such as hairy cell leukemia and some lym¬ 
phomas and papillomas. In these the frequency of 
improvement approaches 90%. In other diseases, such 
as kidney cancer and Kaposi's sarcoma, there are 
dramatic responses, but they are far less frequent — 
on the order of 10-30%; in lung and colon cancer, 
interferon rarely causes improvement. The thrust of 
current research with interferons is to attempt to 
improve their effectiveness by combining them with 
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more conventional chemotherapeutic drugs and by 
using mixtures of different interferons. 

Large quantities of certain types of interferon can 
be produced now using the techniques of recombinant 
DNA. They are far cheaper and purer than the original 
human blood substances, and have recently been 
approved for marketing. The new technology is also 
extremely valuable for producing complex drugs and 
chemicals to benefit mankind. Furthermore, other 
substances, called biologic response modifiers, which 
use immune means to combat cancer are being 
developed at a rapid pace, including interleukin-2/ 
lymphokine-activated killer cell (IL-2/LAK) reagents 
which appear to shrink such cancers as kidney and 
melanoma. Some of these reagents are very potent and 
quite toxic, and the search is on to find effective and 
safer ways to use them in patients. 

Research in the 80's 

In add ition to ongoing interferon studies, ACS-funded 
researchers continue to investigate broad areas of cancer 
research in this decade. For example, they are exploring: 

Genetic engineering. One method in this new 
technology, recombinant DNA, is already being used 
to produce interferon. It has among its potential uses 
the manufacture of powerful new drugs, correcting 
impaired immune systems, even modifying heredity 
by transplanting foreign genes. It is hoped that the 
process will yield other anticancer activities. Some that 
appear quite promising at the moment are tumor 
necrosis factor (TNF), interleukin-2, and certain bone 
marrow growth regulators. 

Monoclonal antibodies. Tailor-made, highly specific 
monoclonal antibodies can be produced that will 
preferentially recognize cancer cells, and thus be able 
to detect cancer early, when the disease is most curable, 
before clinical signs appear. Monoclonal antibodies 
already have been used to deliver drugs directly to 
tumors, killing them but sparing healthy tissue. 

Mechanisms of carcinogenesis. Investigators are 
approaching these key questions from many angles. 
One model, as found in animals, shows that cancer 
in humans develops in a two-step process — initiation 
and promotion. Other questions include: Are there 
proto-oncogenes, normal genes serving as master 
switches for early tissue development, which induce 
normal cels to become cancerous later in life? If so, 
what turns them on? Can they be programmed to stay 


off? Do viruses, already known to cause cancer in 
animals, also cause cancer in humans, perhaps by 
activation of these proto-oncogenes? Conversely, a 
normal gene that appears to suppress cancer devel¬ 
opment has been isolated recently. Does this gene 
produce a substance that stops normal cells from 
dividing before they become cancerous? Many of these 
questions are now being answered. 

Chemoprevention. There is strong evidence that 
perhaps people can be protected from cancer by what 
they eat or drink, or by other substances or lifestyles 
that serve as defense mechanisms. Clues are being 
pursued by ACS researchers studying such agents as 
vitamin A; retinoids (synthetic forms of vitamin A); 
vitamin C; vitamin E; the chemical element selenium, 
found in the soil; and other naturally occurring sub¬ 
stances in brussels sprouts, cabbage, and certain other 
foodstuffs. This is a new and important area which 
needs further research so that recommendations can 
be developed on how people should change their life¬ 
styles to reduce their chances of getting cancer. 

Still other ACS investigators are looking for ways to 
detect cancer earlier by tracing a cell's biochemical 
markers. They are exploring evidence that the outbreak 
of the rare cancer, Kaposi's sarcoma, frequently found 
in patients with AIDS, is linked to a breakdown in the 
individual's immune system. And they are testing the 
hypothesis that certain chemicals enhance a tumor's 
responsiveness to radiation therapy. 

The Financial Research Picture 

In fiscal 1988, the ACS made 818 grants to major 
institutions in this country and to scientists working 
here and abroad. The total amount, subject to audit, 
was over $83 million. This does not include some 
$3 million granted directly by ACS Divisions. The 
following table—covering the years 1985-1988 inclu¬ 
sive-lists the number of applications received, the total 
number of dollars required, and those actually funded 
by the ACS National Office.* 


Requested_Funded 


Year 

Number 

Amount 

Number 

Amount 

1985 

2,096 

$273,968,261 

712 

$63,703,751 

1986 

2,438 

364,065,882 

775 

73,896,704 

1987 

2,385 

368,645,879 

810 

77,516,363 

1988 

2,281 

357,408,459 

818 

83,936,347 


CANCER AND THE ENVIRONMENT 


Most cancer cases in the United States are believed 
to be environmentally related, that is, associated in 
some way with our physical surroundings, personal 
habits or lifestyles. 

Occupational hazards, although associated with only 
a small percentage of cancers, are under close surveil¬ 
lance. Virtually every suspected major chemical and 
other substance in the workplace presumed to be a 
health risk is under investigation. Each study can 
require years and hundreds of thousands of dollars to 
complete. 


Some environmental causes of cancer are well known. 
About 30% of all cancers are directly related to the use 
of tobacco, either alone or in conjunction with excessive 
consumption of alcohoL 

Other causes are harder to determine. Diet is sus¬ 
pected as an important element in cancer risk, some 
say as much as 35% of all cancer deaths. There is much 
research underway on the role diet and nutrition play 
in the development of cancer. 

To help identify environmental factors in human 
cancer, the American Cancer Society has undertaken 
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RESEARCH 


a two-part program of environmental cancer research. 
This involves (1) Cancer Prevention Study II, an epi¬ 
demiologic study to examine the relationship of en¬ 
vironment and lifestyle to cancer development; and (2) 
support of extramural cancer cause and prevention 
research projects, 

The American Cancer Society's 
Cancer Prevention Study H 

One of the larges t research studies ever carried out 
in the United States was launched in 1982, Cancer Pre¬ 
vention Study II, a long-term prospective study, is ex¬ 
amining the habits and exposures of more than one 
million Americans to learn how lifestyles and environ¬ 
mental factors affect the development of cancer. 

Modeled after the first ACS Cancer Prevention Study 
(1959-72), CPS-II is similar in method but wider in scope 
and involves more participants. 

Over 77,000 volunteers enrolled 1.2 million men and 
women in the study. These volunteer researchers 
distributed a four-page confidential questionnaire to 
participants who were asked about their exposures to 
certain environmental conditions, their history of 
disease and their lifestyles. The questionnaires were 
designed to elicit more than 500 pieces of information 
each, which were computerized for statistical analysis. 

Many of the questions focus on health issues of 
current concern. These include risks of certain drugs, 
foods and various occupational exposures; low-tar and 
nicotine cigarettes; consumer products; long-term 
exposure to low-level radiation; and the health effects 
associated with air arid water pollution. 

For a period of six years, the volunteers will keep 
track of the status and whereabouts of study partic¬ 
ipants. Various suspected relationships will be tested 


by comparing mortality rates of differently exposed 
groups. 

The goal of the study is to identify those factors that 
increase a person's chances of developing cancer, those 
that carry little or no risk, and those that actually may 
help prevent cancer. 

So far, five papers have been published from the 
analyses of data on the original questionnaires. One 
showed massive changes in American smoking habits 
compared to 23 years earlier in CPS I. Among men, 
24% smoked, half as many as in the earlier study. More 
than twice as many had quit cigarette smoking. Among 
women, the percent who had ever smoked rose 10%, 
but the percent of ex-smokers quadrupled. More than 
one-third of male smokers and one-half of female 
smokers smoked brands with less than 12 mg. of tar. 
Another paper from CPS II showed that smoking in 
physicians is now down to 16%, about 14% in dentists 
and 23% in nurses. A third paper showed that a greater 
percentage of women who used artificial sweeteners 
gained weight over a one-year period than nonusers. 
An additional five papers have been completed and 
submitted for publication. Another paper shows that 
death rates from all causes were 81% higher in obese 
and underweight people than those of average weight 
and that degree of exercise was negatively correlated 
with cancer death rates. 

Since the first study, new factors in our environment 
have been identified that may be related to cancer. The 
Society decided to initiate a second study to respond 
to the concerns of the public and scientific community 
•about suspected carcinogens. 

Without the use of ACS volunteers, the cost of 
carrying out CPS II would total more than S100 million. 
With volunteers to collect the data, the study is esti¬ 
mated to cost only about $9 million to complete. 


CANCER'S SEVEN WARNING SIGNALS 

1. Change in bowel or bladder habits 

2. A sore that does not heal 

3. Unusual bleeding or discharge 

4. Thickening or lump in breast or elsewhere 

5. Indigestion or difficulty in swallowing 

6. Obvious change in wart or mole 

7. Nagging cough or hoarseness 

If you have a warning signal, see your doctor. 
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30-YEAR TRENDS IN AGE-ADJUSTED CANCER DEATH RATES PER 100,000 POPULATION 

1953-55 to 1983-85 


PERCENT 

CHANGES 



ORAL 


OVARY 


PANCREAS 


PROSTATE 



Male 

3.1 

SKIN 

Female 

1.9 


Male 

21.3 

STOMACH 

Female 

11.2 

UTERUS 

Female 

19.0 


•Percent changes not listed because they are not meaningful. 
••Primary and non-specified. 


COMMENTS 


Steady increase mainly due to lung cancer. 


Slight decrease. 


Slight decrease in recent years. 


Some fluctuations; noticeable decrease. 


Early increase in both sexes; 
later leveling off, reasons unknown. 


Constant rate. 


Slight fluctuations; overall no change. 


Slight fluctuations; overall no change. 


Slow, steady decrease. 


Slow steady increase, leveling in recent years. 


Slow, steady decrease. 


Slow steady decrease. 


Slow steady decrease. 


Some flucutations; small increase. 


Slight fluctuations; overall no change. 


Steady slight increase. 


Slight fluctuations; overall no change. 


Slight fluctuations; overall no change in 
both males and females. 


Early increase, later leveling off and decrease. 


Early slight increase; later leveling off and decrease. 


Decreasing rapidly early; later leveling off. 


Some fluctuations; steady decrease. 


Steady increase in both sexes due to 
cigarette smoking. 


Slow steady increase in 
both males and females. 


Slight fluctuations; overall no change 
in both males and females. 


Steady increase; later leveling off and decrease. 


Steady increase in both sexes, then leveling off, 
reasons unknown. 


Fluctuations throughout; overall slight increase. 


Slight fluctuations; slight increase. 


Slight fluctuations; overall no change. 


Steady decrease in both sexes; reasons 
unknown. 


Steady decrease. 
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SUMMARY OF RESEARCH GRANTS & FELLOWSHIPS AWARDED BY ACS (National Society & Divisions) 
DURING THE FISCAL YEAR ENDED AUGUST 31,1988 (Subject to Audit) 


American Health Foundation, New York, NY 

( D 

$1,000,000 

Medical Research Council, Cambridge, England 

( 1) 

$ 70,000 

Univ. of Connecticut, Storrs 

( 4) 

$ 679,000 

Arizona State Univ., Tempe, AZ 

( D 

82,000 

Michigan Cancer Fdn., Detroit 

( 4) 

680,500 

Univ. of Delaware, Wilmington 

( D 

63*600 

Baylor College of Medicine, Houston, TX 

( 5) 

462,000 

Michigan State Univ., East Lansing 

( 3) 

614,000 

Univ. of Florida, Gainesville 

( 3) 

311,000 

Beth Israel Hosp., Boston, MA 

( 31 

208,500 

Miller's Children's Hospital, Long Beach, CA 

( D 

250,000 

Univ. of Georgia, Athens 

( •) 

205,000 

Boston Univ., Boston, MA 

( 4) 

358,500 

Montefiore Hospital, Bronx, NY 

t n 
* 

6i,GGu 

Univ. of Hawaii, Honolulu 

{ w 

10,000 

Brandeis Univ., Waltham, MA 

( 5; 

246,000 

Mount Sinai Sch. of Med.. New York, NY 

( 4) 

205,500 

Univ. of Illinois, Urbana 

( 5) 

256,575 

Brigham & Women's Hnsn, Boston, MA 

i 1i 

167,000 

Nat'l Cancer Inst., Bethesda, MD 

( D 

69,600 

Univ. of Indiana, Bloomington 

( 4) 

353,500 

Brown Univ., Providence, Rl 

( S) 

562,500 

Nat'l Inst, of Allergy & Infectious Disease, 



Univ. of Kansas, Lawrence 

( 3) 

189,000 

California Inst, of Tech., Pasadena 

(10) 

707,850 

Bethesda, MD 

( D 

63,300 

Univ. of Kentucky, Lexington 

( D 

30,000 

California State Coll., Fullerton 

( D 

10,000 

Nat'l Insts. of Health, Bethesda, MD 

( D 

69,000 

Univ. of Louisville, Louisville, KY 

( D 

05,000 

Carnegie Inst, of Washington, Baltimore, MD 

( 3) 

119,500 

Nat'l Jewish Hosp. & Res. Ctr., Denver, CO 

( 5) 

705,318 

Univ. of Maryland, Baltimore 

( 5) 

790,000 

Carnegie-Mellon Univ., Pittsburgh, PA 

( D 

160,000 

New England Med. Ctr. Hosp., Boston, MA 

( 1) 

80,000 

Univ. of Massachusetts, Amherst 

( D 

110,000 

Catholic Med. Ctr. of Brooklyn & Queens, NY 

( D 

96,000 

New York Acad, of Sciences, New York, NY 

( D 

10,000 

Univ. of Med. & Dentistry of NJ, Newark, NJ 

( 5) 

572,000 

Case Western Reserve Univ., Cleveland, OH 

( 3) 

343,812 

New York Medical Center, Valhalla 

( 1) 

175,000 

Univ. of Miami, Coral Gables, FI 

( 3) 

447,000 

Children's Hospital of San Francisco, CA 

( D 

200,000 

New York Univ., New York, NY 

( 9) 

1,710,694 

Univ. of Michigan, Ann Arbor 

(10) 

1,167,720 

City Coll, of City Univ. of New York 

( D 

79,000 

North Carolina State Univ., Raleigh 

( D 

68,000 

Univ. of Minnesota, Minneapolis 

( 9) 

1,023,000 

City of Hope Nat'l Med. Ctr., Duarte, CA 

( D 

131,000 

Northwestern Univ., Chicago, IL 

( 7) 

603,920 

Univ. of Nebraska, Omaha 

( 5) 

1,264,826 

Cold Spring Harbor Lab., Cold Spring Hbr, NY 

< 6) 

306,500 

Northern California Ca. Program, Oakland 

( 1) 

193,000 

Unjv. of New Hampshire, 

( 1) 

160,000 

Columbia Univ., New York, NY 

(15) 

1,398,400 

Oak Ridge Nat'l lab.. Oak Ridge, TN 

( D 

103,000 

Univ. of New Mexico, Albuquerque 

( 3) 

440,000 

Cornell Univ., Ithaca, NY 

( 3) 

354,000 

Ohio State Univ., Columbus 

( 4) 

277,000 

Univ. of North Carolina, Chapel Hill 

(10) 

1,137,92S 

Cornell Univ., New York, NY 

( 4) 

357,600 

Oregon Health Sciences Lab., Portland 

( 2) 

210,000 

Univ. of North Dakota, Grand Forks 

( 1) 

102,000 

Creighton Univ., Omaha, NE 

( 1) 

94,000 

Oregon State Coll., Set. Res. Inst., Corvallis 

( 3) 

134,987 

Univ. of Oregon, Eugene 

( 4) 

305,000 

Dana-Farber Cancer Ctr., Boston, MA 

(14) 

1,097,500 

Oregon State Univ., Corvallis 

( 1) 

32,000 

Univ. of Pennsylvania, Philadelphia 

( 8) 

928,643 

Dartmouth Coll., Hanover, NH 

( 3) 

368,875 

Oxford University, England 

(2) 

140,100 

Univ. of Pittsburgh, Pittsburgh, PA 

( 8) 

1,290,000 

Drexel Inst, of Tech., Philadelphia, PA 

( 2) 

320,000 

Pacific Northwest Res. Fdn., Seattle, WA 

( D 

110,000 

Univ. of Rochester, Rochester, NY 

( 8) 

1,060,437 

Duke Univ., Durham, NC 

(10) 

998,855 

Pennsylvania State Univ., Hershey 

( 7) 

501,000 

Univ. of Rhode Island, Kingston 

( D 

43,200 

Duquesne Univ., Pittsburgh, PA 

( 1) 

70,000 

Portland State Univ., OR 

( D 

174,000 

Univ. of South Carolina, Columbia 

( 2) 

83,000 

East Carolina Univ., Greenville, NC 

( 2) 

241,500 

Princeton Univ., Princeton, NJ 

(15) 

1,327,513 

Univ. of Southern California, Los Angeles 

( 5) 

578,775 

Emory Univ., Atlanta, GA 

( 3) 

560,000 

Pub, Health Res. Inst., New York, NY 

( 3) 

497,000 

Univ, of South Florida, Tampa 

( 2) 

308,000 

Eleanor Roosevelt Inst, for Ca. Res., Denver, CO 

( 2) 

70,000 

Purdue Univ., Lafayette, IN 

( 3) 

293,000 

Univ. of Tennessee, Memphis 

( 4) 

408,000 

Foundation for Biomedical Res., Washington, DC 

( D 

10,000 

Reed Coll., Portland, OR 

( 1) 

127,000 

Univ. of Texas (Various Locations) 

(28) 

3,044,200 

Fred Hutchinson Cancer Res. Ctr., Seattle, WA 

( 2) 

283,000 

Rockefeller Univ., New York, NY 

( 7) 

975,625 

Univ. of Toledo, Toledo, OH 

( D 

63,000 

Georgetown Univ., Washington, DC 

( D 

101,000 

Roswell Park Mem. Inst., Buffalo, NY 

(13) 

1,519,449 

Univ. of Utah, Salt Lake City 

( 4) 

600,000 

Hahnemann Med. Coll., Philadelphia, PA 

< 2) 

63,000 

Rutgers Univ., New Brunswick, N| 

( D 

160,000 

Univ. of Vermont, Burlington 

( 2) 

288,000 

Harvard Medical School, Cambridge, MA 

(19) 

1,391,703 

St, Jude Children's Res. Hosp., Memphis, TN 

( 5) 

646,000 

Univ. of Virginia, Charlottesville 

( 9) 

865,000 

Harvard Sch. of Pub. Health, Boston, MA 

( 3) 

300,000 

St. Louis Univ., St. Louis, MO 

( D 

40,000 

Univ. of Washington, Seattle 

(10) 

1,085,312 

Henry Ford Hospital, Detroit, Ml 

( D 

98,000 

Salk Inst, for Biological Studies, San Diego, CA 

( 2) 

85,000 

Univ. of Wisconsin, Madison 

(ID 

778,726 

Inst, for Cancer Res., Philadelphia, PA 

( 3) 

203,000 

Scripps Clinic Res. Fdn,, La Jolla, CA 

( 3) 

393,000 

Univ. of Wyoming, Laramie 

( D 

20,000 

Illinois Cancer Council, Chicago, II 

( D 

100,000 

Showa Univ. Res. Inst., St. Petersburg, FL 

( D 

70,000 

Univ. Louis Pasteur, Strasbourg, France 

( D 

70,000 

Jackson Lab., Bar Harbor, ME 

( 3) 

196,250 

Sloan-Kettering Inst., New York, NY 

(30) 

3,426,000 

Vanderbilt Univ., Nashville, TN 

( 5) 

455,225 

Jefferson Medical Coll., Philadelphia, PA 

( 1) 

18,550 

Stanford Univ., Stanford, CA 

(21) 

1,619,400 

Virginia Mason Hospital, Seattle, WA 

( 1) 

105,500 

Jewish Hospital of St. Louis, MO 

( D 

208,000 

State Univ. of Iowa, Iowa City 

( 3) 

300,500 

Virginia Polytechnic Inst., Blacksburg 

( D 

115,000 

Johns Hopkins Univ., Baltimore, MD 

(19) 

2,011,000 

State Univ. of NY, Albany 

( D 

25,797 

Wake Forest Coll., Bowman Gray Sch. of Med., 



Kaiser Foundation Res. Inst., CA 

( D 

45,838 

State Univ. of NY, Buffalo 

( 1) 

200,000 

Winston-Salem, NC 

( 5) 

427,000 

Kansas State Univ., Manhattan 

( 3) 

215,285 

State Univ. of NY, Downstate 

( D 

151,000 

Washington State Univ., Pullman 

( D 

35,000 

Kirksvjlle Coll, of Osteopathic Med., MO 

( D 

04,000 

State Univ. of NY, Stony Brook 

( 9) 

631,695 

Washington Univ., St. Louis, MO 

( 7) 

731,000 

La folia Cancer Res. Ctr., La lolla, CA 

( D 

84,000 

Syracuse Univ., Syracuse, NY 

( 3) 

223,500 

Wayne State Univ., Detroit, Ml 

( 3) 

161,000 

Lehigh Univ., Bethlehem, PA 

( 2) 

140,000 

Temple Univ., Philadelphia, PA 

( 2) 

218,000 

Whitehead Inst., Cambridge, MA 

(TO) 

639,528 

Louisiana State Univ., Baton Rouge 

( 4) 

503,000 

Texas A&M, College Station 

( 1) 

90,500 

Wistar Inst., Philadelphia, PA 

( 9) 

1,291,000 

Loyola University, Chicago, IL 

( D 

160,000 

Tufts—New England Med. Ctr., Boston, MA 

( 1) 

90,500 

I Worcester Fdn. for Exptl, Bio., Shrewsbury, MA 

( 1) 

98,000 

M.D. Anderson Cancer Ctr., Houston, TX 

( D 

200,000 

Tufts Univ., Medford, MA 

( 3) 

285,500 

i Woods Hole Ocean. Inst., Woods Hole, MA 

( D 

180,000 

Marine Biology Lab., Woods Hole, MA 

( D 

10,000 

Tulane Univ., New Orleans, LA 

( 2) 

138,000 

. Wright State Univ., Dayton, OH 

( 1) 

149,000 

Massachusetts Eye, Ear Infirmary, Boston 

( 7) 

87,406 

Univ. of Alabama Med. Ctr., Birmingham 

( 9) 

953,008 

Yale Univ., New Haven, CT 

(19) 

1,716,225 

Massachusetts General Hosp., Boston 

( 3) 

329,500 

Univ. of Arizona, Tucson 

( 2) 

64,800 

Yeshiva Univ.—Albert Einstein, The Bronx, NY 

(17) 

1,785,000 

Massachusetts Inst, of Technology, Cambridge 

(16) 

1,015,150 

Univ. of Arkansas, Fayetteville- 

( 1) 

40,000 




Medical Biology Institute, La Jolla, CA 

( 4) 

536,000 

Univ. of Calif. (Various Locations) 

(95) 

9,544,063 

SUBTOTAL 

(818) 

03,936,347 

Medical Coll, of Pennsylvania, Philadelphia 

( D 

108,000 

Univ. of Chicago, Chicago, IL 

(13) 

1,182,787 

Division Research Grants 

( 1) 

3,000,000 

Medical Coll, of Virginia, Richmond 

( 3) 

325,000 

Univ. of Cincinnati, Cincinnati, OH 

( 3) 

300,000 




Medical Coll, of Wisconsin, Milwaukee 

( 4) 

477,000 

Univ. of Colorado, Boulder 

(14) 

1,407,400 

TOTAL 

(819) 

06,936,347 


Note: Numbers in parentheses indicate number of grants per institution for the year ended August 31 1988; totals subject to audit. 


6£6SfcSSZ0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 





COMPREHENSIVE CANCER CENTERS 


The institutions listed have been recognized as receive financial support from the National Cancer In- 
Comprehensive Cancer Centers by the National Cancer stitute, the American Cancer Society and many other 
Institute. These centers have met rigorous criteria sources, 
imposed by the National Cancer Advisory Board. They 


ALABAMA 

University of Alabama 
Comprehensive Cancer Center 
1918 University Boulevard, Room 108 
Birmingham, Alabama 35294 
Phone: (2051 934*6612 

CALIFORNIA 

University of Southern California 
Comprehensive Cancer Center 
Kenneth Norris, jr. Hospital & Research 
Institute 

1441 Eastiake Avenue 

Los Angeles, California 90033*0804 

Phone: (213) 226-2370 

lonsson CcmDrehensive Cancer Center 
10-247 Factor Building 
10833 Le Con re Avenue 
Los Angeles, California 90033 
Phone: 1213) 825*8727 

CONNECTICUT 

Yale University 

Comprehensive Cancer Center 
333 Cedar Street 
New Haven, Connecticut 06510 
Phone: (203) 705-6338 

DISTRICT Ol“ COLUMBIA 

Howard University 
Comprehensive Cancer Center 
2041 Georgia Avenue, N.W. 

Washington, D.C. 20060 
Phone: (202) 636*7610 or 636*5665 

Vincent T. Lombardi Cancer 
Research Center 

Georgetown University Medical Center „ 
3800 Reservoir Road, N.W. 

Washington, D.C 20007 
Phone: (202) 687*2110 

FLORIDA 

Papanicolaou Comprehensive 
Cancer Center 

University of Miami Medical School 
1475 N.W. 12th Avenue 
Miami, Florida 33136 
Phone: (305) 5^-4850 


ILLINOIS 

Illinois Cancer Council 
36 South Wabash Avenue 
Chicago, Illinois 60603 
Phone: (312) 226*2371 

University of Chicago Cancer 
Research Center 
5847 South Maryland Avenue 
Chicago, Illinois 60637 
Phone: (312) 702-6180 

MARYLAND 

The Johns Hopkins Oncology Center 
600 North Wolfe Street 
Baltimore, Maryland 21205 
Phone: (301)955-8638 

MASSACHUSETTS 
Dana*Farber Cancer Institute 
44 Binney Street 
Boston, Massachusetts 02115 
Phone: (617) 732*3214 

MICHIGAN 

Meyer L Prentis Comprehensive Cancer 
Center of Metropolitan Detroit 
110 East Warren Avenue 
Detroit, Michigan 48201 
Phone: (313) 833-0710, ext. 429 

MINNESOTA 

Mayo Comprehensive Cancer Center 
200 First Street, S.W. 

Rochester, Minnesota 55905 
Phone: (507) 284-3413 

NEW YORK 

Columbia University Cancer Center 
College of Physicians and Surgeons 
630 West 168th Street 
New York, New YorR 10032 
Phone: (212) 305-6730 

Memorial Sloan-Kettering Cancer Center 
1275 York Avenue 
New York, New York 10021 
Phone: (212) 525-2225 


Roswell Park Memorial Institute 
666 Elm Street 
Buffalo, New York 14263 
Phone: (716) 845-4400 

NORTH CAROLINA 
Duke University Comprehensive 
Cancer Center 
P.O, Box 3814 

Durham, North Carolina 27710 
Phone: (919) 684-6342 or 286-5515 

OHIO 

Ohio State University Comprehensive 
Cancer Center 

410 West 12th Avenue, Suite 302 
Columbus, Ohio 43210 
Phone: (614) 293-8619 

PENNSYLVANIA 
Fox Chase Cancer Center 
7701 Burholme Avenue 
Philadelphia, Pennsylvania 19111 
Phone: (215) 728-2570 

University of Pennsylvania Cancer Center 
3400 Spruce Street 
7th Floor, Silverstein Pavilion 
Philadelphia, Pennsylvania 19104 
Phone: (215) 662-6364 

TEXAS 

The University of Texas 
M.D. Anderson Cancer Center 
1515 Holcombe Boulevard 
Houston, Texas 77030 
Phone: (713) 792-6161 

WASHINGTON 

Fred Hutchinson Cancer Research Center 
1124 Columbia Street 
Seattle, Washington 98104 
Phone: (206) 467*4675 

WISCONSIN 

Wisconsin Clinical Cancer Center 
University of Wisconsin 
600 Highland Avenue 
Madison, Wisconsin 53792 
Phone: (608) 263-6872 
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CHARTERED DIVISIONS OF THE AMERICAN CANCER SOCIETY, INC. 
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Alabama Ofwion, Inc 

402 Office Park Drive 
Suite 300 

Birmingham, Alabama 35223 
(205) 579-2242 

Alaska Drrtsior, Inc 
406 West Fireweed Lane 
Suite 204 

Anchorage, Alaska 99503 
<907) 277-8696 

Arizona Division, Inc 
2929 East Thomas Road 
Phoenix, Arizona 85016 
(602) 224-0524 

Ariearaa* Division, Inc 
P.O. Box 3522 
little Rock, Arkansas 72203 

(501) 664-3430-1-2 

California Division, Inc 
1710 Webster Street 
P.O. Box 2061 
Oakland, California 94612 
(415)093-7900 

Colorado Division, inc. 

2255 South Oneida 
P.O. Box 24669 
Denver, Colorado 80224 
(303)758-2030 

Connecticut Division, Inc 
Barnes Park South 
14 Village Lane 

Wallingford, Connecticut 06492 
(203J 265-7161 

Delaware Division, Inc. 

1708 Lovermg Avenue 
Suite 202 

Wilmington, Delaware 19806 
1302)654-6267 

District of Columbia Division, In:. 
Universal Building, South 
1925 Connecticut Avenue, N.W 
Suite 315 

Washington. D.C. 20009 ' 

(202) 453-2600 

Florida Division, Inc. 

1001 South MacDill Avenue 
Tampa, Florida 33629 
(813)253-0541 

Georgia Division, Inc 
46 Fifth Street, N£ 

Atlanta, Georgia 30308 
(404)092-0026 

Hawaii Pacific Division, Inc. 
Community Services Center Bldjj. 
200 North Vineyard Boulevard 
Honolulu, Hawaii 96817 
1308) 531-1662*3-4-5 

Idaho Division, Inc 
1609 Abbs Street 
P.O. Box 5386 
Boise. Idaho 83705 
(208) 343-4609 

I Hoots Division, Inc 
37 South Wabash Avenue 
Chicago, Illinois 60603 
(312) 372-0472 


Indiana Division, Inc 

9575 N. Valparaiso Ct. 

Indianapolis, Indiana 46268 
(317) 872-4432 

Iowa Division, Inc. 

8364 Hickman Road, Suite D 
Des Moines, towa 50322 
(5151 253-0147 

Kansas Division, Inc 
3003 Van Buren Street 
Topeka, Kansas 66611 
(913)267-0131 

Kentucky Division, Inc. 

Medical Arts Bldg. 

H69 Eastern Parkway 
Louisville, Kentucky 40217 

(502) 459-1867 

Louisiana Division, Inc 
Fidelity Homestead Bldg. 

837 Cravier Street 
Suite 700 

New Orleans, Louisiana 70112-1509 
(504) 523-2029 

Maine Division, Inc 
52 Federal Street 
Brunswick, Maine 04011 
(207) 729-3339 

Maryland Division, Inc.* 

8219 Town Center Drive 
P.O. Box 82 

White Marsh, Maryland 21162-0082 
(301)529-7272 

Massachusetts Division, Inc. 

Carhart Memorial Bldg. 

247 Commonwealth Avenue 
Boston, Massachusetts 02116 
(617) 267-2650 

Michigan Division, Inc. 

1205 East Saginaw Street 
Lansing, Michigan 48906 
(517) 371-2920 

Minnesota Division, Inc 
3316 West 66th Street' 

Minneapolis, Minnesota 55435 
(612)925-2772 

Mississippi Division, Inc. 

1380 Livingston Lane 
takeover Office Park 
Jackson, Mississippi 39213 
(601) 362-8874 

Missouri Division, Inc. 

3322 American Avenue 
Jefferson City, Missouri 65102 
(314) 893-4800 

Montana Division, Inc 
313 N, 32nd Street 
Suite *1 

Billings, Montana 59101 
(406) 252-7111 

Nebraska Division, Inc 
8502 West Center Road 
Omaha, Nebraska 68124-5255 
(402) 393-5800 


*New address effective March 1,1989 


Nevada Division, Inc. 

1325 East Harmon 
Las Vegas, Nevada 89119 
(702) 798-6877 

New Hampshire Division, Irsot 
360 Route 101, Unit 501 
Bedford. New Hampshire 03102-6821 
(603) 669-3270 

New Jersey Division, Inc 
2600 Route 1, CNN 2201 
North Brunswick, New Jersey 08902 
(201) 297-8000 

New Mexico Division, Inc 
5800 Lomas Blvd., N.E. 

Albuquerque, New Mexico 87110 
(505) 262-2336 

New York State Division, Inc 

6725 Lyons Street, P.O. Box 7 
East Syracuse, New York 13057 
(315) 437-7025 

□ Long Island Division, Inc 
145 Pidgeon Hill Road 
Huntington Station, New York 11746 
(516! 385-9100 

O New York City Division, Inc. 

19 West 56th Street 
New York, New York 10019 
(212) 586-8700 

□ Queens Division, Inc. 

112-25 Queens Boulevard 
Forest Hills, New York 11375 
(718) 263-2224 

G Westchester Division, Inc 
30 Glenn St. 

White Plains, New York 10603 
(914)949-4800 

North Carolina Division, Inc 
11 South Boylan Avenue 
Suite 221 

Raleigh, North Carolina 27603 
(919) 834-8463 

North Dakota Division, Inc. 

Hotel Graver Annex Bldg. 

115 Roberts Street 
P.O. Box 426 

Fargo, North Dakota 58107 
1701)232-1385 

Ohio Division, Inc. 

5555 Frantz Road 
Dublin, Ohio 43017 
1614) 889-9565 

Oklahoma Division, Inc 
300 United Founders Blvd. 

Suite 136 

Oklahoma City, Oklahoma 73T12 
(405) 946-5000 

Oregon Division, Inc 
0330 S.W. Curry 
Portland, Oregon 97201 

(503) 295-6422 

Pennsylvania Division, Inc 
Route 422 It Sipe Avenue 
Hershey, Pennsylvania 17033-0897 
(717) 533-6144 


O Philadelphia Drvsioo, Inc 
1422 Chestnut Street 
Philadelphia, Pennsylvania 19102 
(215) 665-2900 

Puerto Rko Division, Inc, 

Calle Atverio »S77, 

Esquma Sargento Medina. 

Hato Rey, Puerto Rico 00936 
(809) 764-2295 

Rhode Island Division, Inc 
400 Main Street 
Pawtucket, Rhode Island 02860 
(401) 722-8480 

South Carolina Division, Inc. 

2214 Devine Street 
Columbia, South Carolina 29205 

(803) 256*0245 

South Dakota Division, Inc 

4101 Carnegie Circle 

Sioux Falls, South Dakota 57106-2322 

(605) 336-0897 

Tennessee Division, Inc 
1315 Eighth Avenue, South 
Nashville, Tennessee 37203 
(615) 255-1ACS 

Texas Division, Inc 
P.O. Box 140435 
Austin, Texas 78714-0435 
(512) 928-2262 

Utah Division, Inc. 

610 East South Temple 
Salt Lake City, Utah 84102 

(801) 322-0431 

Vermont Division, Inc. 

13 Loomis Street. Drawer C 
Montpelier, Vermont 05602 

(802) 223-2348 

Virginia Division, (nc, 

4240 Park Place Court 
Glen Allen, Virginia 23060 

(804) 270-0142/(800) 552-7996 

Washington Division, Inc 
2120 first Avenue North 
Seattle, Washington 98109-1140 
(206) 283-1152 

West Virginia Division, Inc 
2428 Kanawha Boulevard 
East Charleston, West Virginia 25311 
(304) 344-3611 

Wisconsin Division, Inc 
615 North Sherman Avenue 
Madison, Wisconsin 53704 
(608) 249-0487 

Wyoming Division, Inc 
3109 Boxelder Drive 
Cheyenne, Wyoming 82001 
(307)638-3331 


TNew address effective April 15, 1989 


National Headquarters: American Cancer Society, (nc., 1599 Clifton Road N.E., Atlanta, GA 30329 
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Get-the-Lead-Out Guru Challenged 


A decade-old scientific argument over the effects of low-level lead on IQ turns nasty following 
allegations of misconduct 


AS AN’ ENVIRONMENTAL BOGEYMAN, LEAD’S 
hard to beat. It ranks right up there with 
asbestos, dioxin, and nuclear waste. Vice 
President Dan Quayle has even suggested 
that lead in the drinking water at the vice 
presidential mansion might have caused the 
Bushes’ bouts with Graves’ disease. 

But, irrational fears aside, there’s no ques¬ 
tion that high lead levels can cause brain 
damage—it’s only at low levels of exposure 
that there is still a debate about what amount 
of lead in the blood can cause detectable 
behavioral and medical problems. And that 
debate has been tainted by a festering, 10- 
year-old dispute ever the credibility of data 
published by Herbert Needleman of the 
University of Pittsburg, a world-renowned 
researcher on lead toxicity and leading ad¬ 
viser to the government on lead issues. Now, 
in the wake of a government lawsuit against 
the owners of a lead smelter in which 
Needleman was to have testified —but never 
did because the case was settled out of 
court—his critics h ave filed a complaint with 
federal investigators alleging that Need- 
leman engaged in scientific misconduct a 
decade ago. They accuse the government of 
helping cover up' the flaws in his research in 
order to deflect criticism of its policy deci¬ 
sions. 

To Needleman, the charges are nothing 
more than old mud slung with new vigor— 
thoroughly debunked criticisms kept alive 
by a lead industry desperate to discredit his 
research. 

Regardless of who is right, the Needleman 
saga shows how hard it is to put to rest 
charges from persistent critics, or, con¬ 
versely, to prove misconduct against an ac¬ 
knowledged leader in a scientific field. But it 
also raises additional questions, widely ap¬ 
plicable to other scientific disputes, about 
who should have access to data collected 
with federal support. And, of course, it 
refocuses attention on a matter that is espe¬ 
cially meaningful to a lot of parents: Just 
how strong is the link between low-level 
lead exposure and intelligence deficits? 

The story begins with a paper by 
Needleman and his colleagues in the 29 
March 1979 issue o i'Tke New England Jour - 
nal of Medicine showing that schoolchildren 
with what all would agree were “high,” but 


not actually toxic, lead levels did significantly crude measure like IQ, except at some of the 
poorer in the classroom and had measurably highest levels of exposure, just below what 
lower IQs than those with “low” lead levels, would be considered toxic. 

In order to get a clearer picture of exposure, The appearance of the Pediatrics article 
the researchers had looked at lead concentra- touched off what has been a decade-long 
tions in the children’s baby teeth, as well as personal feud between Emhart and Needle- 
the more labile measure of lead in the blood, man. They have squared off at numerous 
Suzanne Binder, chief of the Lead Poisoning scientific meetings with a vigor that has left 
Prevention Branch at the Centers for Disease observers shaking their heads. “Personal hos- 
Control (CDC) in Atlanta, says that most tility is putting it mildly,” says Binder, 
people’s first reaction to Needleman’s study But the Needleman/Ernhart squabble 
was w so what?” since the drop in IQ was might have remained nothing more than a 
only 3 or 4 points. But Binder says polity- classic confrontation between scientists with 
makers came to realize that even a small starkly opposing views had it not entered, in 
drop would be important if it was affecting 1983, into a new and grander forum. The 
millions of children. year before, the Environmental Protection 

Two years after the Journal article ap- Agency (EPA) had begun a major review' of 
peared, Claire Emhart, a psychologist now at national air-quality standards for lead and 

^ w’anted to review' all 
| recent data on the 
| health effects of lead 
■o exposures. In an ef- 
I fort “to resolve major 
1 points of controversy 
concerning some of 
the most important 
and controversial” 
studies, Lester Grant, 
director of the EPA’s 
environmental criteria 
and assessment office, 
convened a special 
panel to look into 
both Needleman’s 
and Emhart’s w'ork 
(Science , 25 Novem¬ 
ber 1983, p. 906). 
The panel traveled 

Case Western Reserve University, and her 
colleagues fired the first shot across 
Needleman’s bow\ Writing in the journal 
Pediatrics , they suggested that there w'ere 
serious methodological flaw's in the Need¬ 
leman paper. Emhart argued that Needleman 
had not done an adequate job of controlling 
for confounding variables—other factors such 
as poor schools or parental neglect that might 
explain the difference in IQ scores—and had 
performed so many comparisons that he w'as 
bound to come up with a few' that w r ere 
statistically significant merely by chance. 

Ernhart’s owm w'ork suggested that most lead 
effects were too small to be detected by a 

SCIENCE. VOL. 253 


to Needleman’s lab, examined some of his 
data, and decided there w'ere several prob¬ 
lems w'ith the study. Specifically, the panel 
members concluded that Needleman had \ 

.JO* 

used inappropriate measures to categorize- tc 
lead exposure and had not provided suffi-^Jv^^ 
cient justification for excluding subjects^ 
from the study. Moreover, they expressed' ! 
concern about missing data, and some of 
the statistical analyses Needleman had em¬ 
ployed, all of which led them to conclude 
that the study results “neither support nor 
refute the hypothesis that low r or moderate 
levels of [lead] exposure lead to cognitive or 
behavioral impairments in children.” The 
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panel reached the same conclusion about 
two of Ernhart’s papers, which they also 
criticized for methodological flaws. 

While Ernhart took the panel’s rebuke 
quietly, Needfeman fought back. He in¬ 
sisted that the panel’s conclusions were 
flawed, and he wrote a spirited, point-by¬ 
point refutation of the criticisms levied at his 
work. He blasted Grant for printing the 
report before sending it to him for review, 
accusing him of violating an agreement he 
said he and Grant had made. Needleman 


“It was really the 
data analysis strategy 
that I looked at, and 
that to me [was] 
outrageous” 

—Sandra W. Scarr 


also performed some new analyses of his 
original data, and by the time the panel’s 
report was presented to the EPA advisory 
panel that would decide on the new lead 
standards, both Grant and the advisory panel 
had made a 180-degree turn. Now they 
were convinced that Needleman’s original 
conclusions were accurate. Indeed, those 
conclusions subsequently became part of 
the scientific basis for the revised air lead 
standards EPA promulgated in 1986. 

But Ernhart was not daunted by this set¬ 
back; she continued to criticize Needleman’s 
work. And her willingness to argue that the 
link between low-level lead exposure and 
behavioral problems was being overstated 
won favor with the lead industry. As early as 
1982, she had agreed to testify in favor of the 
industry’s position before an EPA panel con¬ 
templating phasing out all leaded gasoline. 
Just last year she wrote to Senator Harry Reid 
(D-NV) telling liim that basing legislative 
action on Needleman’s findings would be an 
“egregious error....Serious problems in the 
Needleman work have long been noted by 
scientists working in this field.” And she 
appeared from time to time as an expert 
witness in cases involving lead contamination 
and cleanup, which brought her feud with 
Needleman into a new arena: the courtroom. 

Their latest faceofif—which has escalated 
beyond the hazards of lead to the high- 
stakes “game” of scientific fraud and mis¬ 
conduct charges—began in 1990 with a 
Superfund case brought by the government 
against Sharon Steel, UV Industries, and 
Atlantic Richfield Company. Over a period 
of several decades, each company had had a 
financial interest in a defunct lead smelter in 
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Midvale, Utah. The government case sought 
money for the cleanup of some 250 acres of 
tailings from a milling facility that prepared 
the lead ore for the smelter. The govern¬ 
ment intended to show' that the tailings 
posed a health risk to children living in the 
area and hired none other than Herbert 
Needleman as an expert witness to testify to 
the dangers the tailings posed. 

For their part, the corporations’ lawyers 
turned to Ernhart as an expert witness. In 
addition, the defense team brought in 
University of 
§ Virginia psy¬ 
chologist San¬ 
dra Wood Scarr, 
whose work fo¬ 
cuses on factors 
affecting child¬ 
ren’s educational 
development. 
She had also 
served as a mem¬ 
ber of the EPA 
panel that had 
examined Needleman and Ernhart’s re¬ 
search back in 1983. Although Scarr had 
been among the most critical of Needle¬ 
man’s work then, she says she paid no fur¬ 
ther attention to 
it after the panel 
had wrapped up 
its business. 

Now, she and 
Ernhart felt that 
they could dam¬ 
age the govern¬ 
ment’s case by 
demonstrating 
what they had 
long believed: 
that Needleman’s 
1979 paper—which they say has been 
“highly influential in the establishment of 
regulatory policies”—was seriously flawed. 

They asked to see Needleman’s raw data 
for the 1979 study. He agreed to release 
some of the unpublished material, but not 
the tapes containing his raw data. Needl¬ 
eman argued, in an affidavit dated 27 July 
1990 that, in part because he was in the 
throes of moving his lab, “it would be a 
substantial hardship for me to find the 
proper data tape for this 11-year-old study.” 
He added that since the study had been peer 
reviewed and the data examined by the 
EPA, there had already been adequate op¬ 
portunity to establish‘the legitimacy of his 
results. 

Needleman did say in his affidavit, how¬ 
ever, that he would be willing to let “any 
scientist who washes to examine the complete 
printouts of the raw data from the study 
come to my laboratory in Pittsburgh for as 




long as he or she wants.” So on 20 September 
last year, Scarr and Ernhart, along with de¬ 
fense lawyers in the lead smelter case, traveled 
to Pittsburgh to take Needleman up on his 
offer. When they arrived, they were directed 
by Justice Department attorney W. Be 
jamin Fisherow, who w'as acting for th 
government, to a bare room where they 
were given six volumes of computer print¬ 
outs containing Needleman’s initial analyses 
of his data. Scarr and Ernhart began plow¬ 
ing through the analyses, although they 
were hampered by the fact that the data 
were coded, and they were given an incom¬ 
plete key. Needleman himself would not 
talk to them. 

For his part, Needleman steadfastly insists 
that he will happily share his data with 
anyone who has a legitimate interest and 
will answer any questions he is asked. But, 
he says, “I’m just not going to make it easy 
for people who are going to harass me,” a 
category to which he assigns Scarr and 
Ernhart. 

Since Scarr and Ernhart weren’t able to 
get through all the computer printouts in 
one day, they returned to the lab the next 
morning. But this time, Fisherow' asked 
them to sign a document saying they would 


“Serious problems in 
the Needleman work 
have long been noted 
by scientists working 
in this field ” 

—Claire B. Ernhart 


treat all the data they were being shown in 
absolute confidence and would discuss it 
only in oral testimony before the court. 
While such agreements are not uncommon 
for litigation involving private corporations, 
Scarr and Ernhart were appalled at what 
they saw as an attempt to gag them, and 
they refused to sign. After a few hours, 
lawyers for both sides decided that the visit 
would have to end, so Scarr and Ernhart 
gathered their notes and left. 

Scarr says that even with only one day to 
study the analyses, she felt she had a clear idea 
of what had happened back in 1979. “It was 
really the data analysis strategy that I looked 
at, and that to me [was] outrageous.” Ac¬ 
cording to Scarr, the printouts show that 
Needleman’s first set of analyses failed to 
show a relationship between lead level and 
subsequent intelligence tests. “Not one sin§ 
variable came out as statistically different be¬ 
tween the top 10% [oflead-exposed children] 
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and the bottom 10% of the sample,” she says. 
It was only by rerunning the analyses, elimi¬ 
nating important variables that might also 
causes changes in IQ; scores, that “he got 

• results he wanted.” 

Scarr’s harsh view of Needleman might 
never have become public, however, had it 
not been for a curious legal twist—one with 
potentially major ramifications for the avail¬ 
ability of government research data. Before 
Scarr and Emhart had a chance to present 
their conclusions about Needleman and his 
data in the Utah court case, the litigants 
settled the case. The defendants agreed to 
pay the government 363 million—the cost of 
cleaning up the lead tailings. Losing the 
chance to put the charges on record in open 
court, Scarr and Emhart wrote a report that 
they planned to send 1:0 the National Insti¬ 
tutes of Health (NIH) Office of Scientific 
Integrity (OSI), since Needleman’s study had 
been funded with NIH money. But 4 days 
before the settlement agreement was an¬ 
nounced, the government lawyers took a 
remarkable step: They asked the court to 
force Scarr and Emhan: to return their notes 
on the Needleman data and refrain from 
speaking about what they had found—essen¬ 
tially the same rules Scam and Emhart refused 
to agree to back in Pittsburgh when they 
were poring over Needleman’s printouts. 

Scarr and Ernhart immediately con¬ 
ned—and believe today—that the gov¬ 
ernment was trying to protect Needleman 
because his research forms the backbone of 
government lead policy. 

Government lawyer Fisherow will not say 
explicitly why the government sought to 
gag Scarr and Ernhart, but Needleman’s 
affidavit gives a rationale: “Releasing these 
raw' data to the defendants here will mean 
that the industry will have the capacity, if it 
so chooses, to manipulate this data as it sees 
fit. While any credible researcher should be 
willing to have the accuracy of his published 
results debated, the standards of conduct in 
the scientific community do not extend to 
making raw data available to advocates of 
opposing views who then are presented with 
the opportunity to misuse them.” 

Scarr and Emhan weren’t buying that ar¬ 
gument. They hired David F. Geneson of the 
Washington, D.C., legal firm Hunton Sc 
Williams to fight the,gag order. Geneson 
contended to the court that the govern¬ 
ment’s request was an abridgement of Scarr 
and Emhart’s First Amendment rights, and 
that there was no good cause to suppress data 
that had been gathered ivith public money. 

This argument certainly rings true with 

vyers who specialize in misconduct issues. 

'It’s hard to imagine a legitimate basis for 
the federal government asking for data to be 
buried,” says one such attorney, Barbara 
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Mishkin of the Washington, D.C., firm of 
Hogan and Hartson. 

Needleman, however, has been tying to 
make just such an argument by saying that 
the lead industry has tried to twist his data 
to make it appear to prove things it doesn’t 
actually prove. Mishkin isn’t impressed. 
“The cigarette industry is always putting 
out its own dubious analysis of data. No¬ 
body pays any attention to it.” 

On 26 April this year, federal district 
court judge Bruce S. Jenkins agreed with 
Mishkin’s point, writing that “there is some¬ 
thing inherently distasteful and unseemly in 
secreting either the fruits or seeds of scien¬ 
tific endeavors.” And that freed Scarr and 
Ernhart to tell their doubts about Needle- 


“I just do not want to ... 
spend the rest of my life 
responding to trivia. 

My reputation is 
secure” 

—Herbert L. Needleman 


man and his data to anyone they chose. 
Their first step was to write a report based 
on their day-and-a-halfvisit to Needleman’s 
lab, and they have sent a copy to the OSI. 
OSI officials are considering whether 
Needleman’s actions fall under their juris¬ 
diction, or whether Scarr and Ernhart’s 
analyses fall under the rubric of legitimate 
scientific difference of opinion. Jane 
Duffield, a spokeswoman for the University 
of Pittsburgh, where Needleman did his 
work, says OSI has not contacted the uni¬ 
versity concerning any investigation and 
adds that “we’re not investigating Dr. 
Needleman and we stand behind his work.” 

From Needleman’s point of view, this 
latest round of charges is nothing more than 
harassment from the lead industry. “I just 
do not want to...spend the rest of my life 
responding to trivia,” he says. “My reputa¬ 
tion is secure at least among people whom I 
count as important. I’m a forward looking 
person, and I have much more important 
questions to answer.” And indeed, Needle¬ 
man has supporters inside and outside the 
EPA who have seen his data and find noth¬ 
ing to be suspicious of. Frequent co-author 
David Bellinger, a psychologist and epide¬ 
miologist at Harvard University, says there 
is no substance to Scarr’s charge that 
Needleman eliminated variables from his 
analyses until he got the results he wanted. 
“I’ve worked with the data set, and nothing 
has ever come to light to make me concerned 


about that issue.” Adds former EPA panel 
member Larry Kupper, a biostatistician at 
the University of North Carolina, Chapel 
Hill, “1 never thought there was any mis¬ 
conduct.” 

Meanwhile, Ernhart vociferously defends 
herself against Needleman’s charges that 
she is merely serving the lead industry in its 
attack on him. Yes, she accepts research 
support from the International Lead Zinc 
Research Organization, she admits, but says 
that hasn’t affected her objectivity. Her 
objections to Needleman’s conclusions be¬ 
gan, she argues, long before she received 
any lead industry money. Scarr, too, bristles 
at the suggestion that her objectivity is 
tainted. “I have no ties to the lead indus¬ 
try,” she says. “I don’t care what happens to 
them.” What bothers Scarr is that polity 
decisions are being made based on what she 
is convinced is flawed work that no one 
wants to take the time to examine closely.» 
“There’s just something wrong about the 
procedure here, and the role that science is 
playing in this.” 

Not so, says EPA’s Gram. “The particular 
studies that are at issue there, and the pub¬ 
lications that they are fighting about, are 
more or less passe,” he maintains. “We now 
have a decade of additional research that 
confirms lead effects on IQ and behavioral 
development at much lower levels than the 
ones they were talking about.” 

But even this point of view is contested by 
some. Sanford L. Weiner, a political scien¬ 
tist based in Boston who works for the 
Milbank Memorial Fund, says he, like 
Ernhart and Scarr, believes policy actions 
have outpaced the science. Weiner says it is 
hard to find a study that clearly demon¬ 
strates adverse health effects from lead levels 
below 25 micrograms per deciliter of blood, 
the point that the CDC currently uses as its 
cutoff for lead poisoning. Indeed, agrees 
Marjorie Smith, a psychologist at the Insti¬ 
tute for Child Health at the University of 
London who directed a lead study in En¬ 
gland, 10 micrograms per deciliter—the 
level to which EPA wants to reduce the lead 
standard—is “unrealistically low” and would 
“cause unnecessary anxieties for parents.” 

Binder says that it is extremely hard to 
find people who don’t have strong opinions 
about lead in the environment. “Either 
they’re working on this because they con¬ 
sider it to be an incredible problem, and it’s 
worth devoting their life to, or they think 
everybody else is an idiot, and they have to 
prove that everyone else is wrong.” 

So will the day come when both sides can 
reach a consensus: Not likely, says Binder: 
“They will all go to their graves thinking the 
other side is made up of total idiots.” 

■ Joseph Pajlca 
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Letter to the New England Journal of Medicine 
[September, 1990] 

To the Editors: In their January 11 article Needleman et al. 1 report strikingly 
large effects of low lead levels on several late adolescence outcomes. For 
example, an estimated 7.4-fold increased odds of school failure was attributed 
to childhood lead dentin levels above 20 ppm. Such massive effects sizes 
contrast sharply with results of other studies relating low lead level to earlier 
developmental outcomes . The authors argue that the estimated effects 
represent causal relationships because their analysis controlled for ten socio¬ 
demographic covariates. This conclusion of causality may be premature, however, 
because the covariate set did not include measures of the quality of child care 
(i.e., parental responsitivity, involvement with the child, provision of books, 
suitable playthings, etc.), a primary confounder in previous studies of 
developmental lead effects. Thus the reported lead effects may be partly due to 
spurious association induced by variations in the caretaking environment. 

Indices of child care quality such as the HOME 5 and the CLL 5 have repeatedly 
been found to be strongly related to lead level in poor and working class 
children 2 ’ 4,1,8 . Quality of child care is also strongly associated with 
developmental outcome s , including school performance through adolescence 113 . 
These confounding effects are conceptually distinct from and only partly 
accounted for empirically by socio-demographic variables such as maternal IQ and 
parental education 1 ' , which were included as covariates by Needleman et al. The 
fact that: none of the reported lead effects were attenuated by inclusion of their 
covariates, as is usually the case in observational studies of low lead levels, 
indicates that confounders such as child care may not have been fully controlled. 

On another matter, the present report is a follow-up of a 1979 report 12 
which troubled reviewers 13 , in part, because many cases were excluded after 
testing. In a written response to the review 14 , Needleman reported data 
indicating that a key IQ analysis was substantially affected by 16 of the 
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excluded children with excess lead, or plumbism: Prior to exclusion, with 
N = *1 £.7, the lead effect t = -1.51 (e = .133, 2 - sided); after exclusion, with 
N = 171, t = -2.56 (£ s .011). This suggests the presence of high IQ’s in the 
plumbism group. In the present follow-up report, the previously excluded cases 
who agreed to participate were incorporated in the analysis, including, in 
separate descriptive summaries, ten of the plumbism cases. Five of these 
plumbism cases had reading disabilities, and three out of seven failed to 
graduate high school. These high proportions of adverse outcomes seem to 
corroborate the hypothesized lead effect. However, in view of the apparently 
contradictory IQ data described above, a summary of the IQ scores of all 16 
plumbism cases would be helpful in assessing the implications of the findings. 
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INTRODUCTION 

Selection of the dose-incidence model that is appro¬ 
priate for predicting the risks of cancer from low-level 
exposure to a given carcinogen is among the most con¬ 
tentious issues in public health. Although the existence 
of a threshold in the dose-effect relationship is well 
documented for many, if not most, types of toxicological 
effects, the existence of a threshold for the mutagenic 
effects of ionizing radiation (1-3) and of certain chemicals 
(4,5) has been questioned since the middle of the century. 
More recently, the existence of a threshold for car¬ 
cinogenic effects also has been seriously questioned, since 
carcinogenesis may, likewise, be envisioned to result from 
effects on individual cells rather than groups of cells (6-8). 

Because in principle it is not possible to prove or 
disprove the e:dstence of a threshold for carcinogenesis, 
the argument for or against the threshold hypothesis must 
be based on theor etical as well as empirical evidence (7,8). 
Some of the cogent data and concepts are surveyed in the 
following. 


BIOLOGY OF CARCINOGENESIS 

Monoclonal, Multicausa), Multistage 
Nature of Cancer 

The evidence that cancer usually originates from a 
single transformed cell (9-11) implies that appropriate 
damage to one cell alone may suffice to increase the prob¬ 
ability of neoplasia in a suitably susceptible individual. 
A single alteration, however, apparently does not suffice 
to convert a normal cell into a cancer cell. On the con¬ 
trary, cancer typically appears to evolve through a suc¬ 
cession of stages; for example, initiation, promotion, and 
progression (12,13). 

The mechanism of initiation remains to be established, 
but some type of mutational change is implicated by 
evidence that: (i) the initiating event is relatively prompt 
and irreversible (14,15); (ii) most ultimate carcinogens 
are mutagens (16); (iii) the frequency of cell transforma¬ 
tion that is induced by a given carcinogen is usually max¬ 
imal if exposure to the agent occurs just before or during 
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DNA synthesis (17); (iv) the carcinogenic potency of an 
initiating chemical is generally correlated with the extent 
to which it binds covalently to DNA and with the nature 
of the resulting DNA adducts; and (v) DNA to which a 
chemical carcinogen is bound can serve as a template for 
DNA replication (18) which, along with subsequent cell 
division, is necessary to “fix” the potential for neoplastic 
change (19); (vi) susceptibility to cancer is increased in 
persons who are deficient in their capacity to repair DNA 
damage (20). Whatever the nature of the mutational 
change may be, it results in a frequency of initiation that 
is orders of magnitude higher than the rate of mutations 
at any given gene locus (21,22), implying that multiple 
oncogenic sites, damage to the genome at sites unlikely 
to be repaired (e.g., tandem repeats), or genetic damage 
other than point mutations are likely to be involved (14). 

The specific genes that are affected may be presumed 
to include antioncogenes as well as oncogenes (Table 1). 
Initiation can thus be envisioned to result either from the 
homozygous inactivation or deletion of an antioncogene, 
or from the aberrant activation of an otherwise normal 
proto-oncogene, through aneuploidy, chromosomal re¬ 
arrangement, or point mutation. For neoplastic transfor¬ 
mation, as opposed to initiation, the activation of a single 
oncogene alone appears to be insufficient (13). 

Although initiation can result from only one exposure 
to an appropriate initiating agent, tumor promotion 
typically requires repeated and sustained exposures to an 
appropriate promoting agent, although low doses of the 
agent may suffice. In two-stage mouse skin carcinogene¬ 
sis, for example, nanomolar concentrations of 12-0-tetra- 
decanoyl phorbol-13-acetate (TPA) are sufficient to 


Table 1 

Comparative Properties of Oncogenes and Antioncogenes 


Oncogenes 

Antioncogenes 

Gene active 

Gene inactive 

Specific translocations 

Deletions or invisible 
mutations 

Translocations not 
hereditary 

Mutations hereditary and 
nonhereditary 

Dominant 

Recessive 

Tissue specificity may be 
broad 

Considerable tissue specificity 

Especially leukemias and 
lymphomas 

Solid tumors (e.g., Wilm’s, 
retinoblastoma) 


Source: From Ref. 20. 


promote the effects of radiation or chemical initiators, 
causing concomitant stimulation of: (i) macromolecular 
synthesis; (ii) hyperplasia; (iii) polyamine synthesis; (iv) 
prostaglandin synthesis; (v) protease production; (vi) 
alterations of certain cell membrane enzymes and glyco¬ 
proteins; (vii) induction of sister-chromatid exchanges; 
(viii) altered differentiation; and (ix) modified responses 
to various growth-controlling factors (23). Whether any 
one of these changes is critical for tumor promotion, 
however, is not clear. Traditionally, TPA and other 
tumor-promoting agents have been considered to act 
predominantly through epigenetic mechanisms (24,25), 
but recent observations indicate that some of these agents 
can damage DNA indirectly (26-29) implying that such 
genotoxic effects also may be involved in promotion. 

Tumor progression , the process through which suc¬ 
cessive generations of neoplastic cells give rise to increas¬ 
ingly autonomous clonal derivatives (30), has been at¬ 
tributed at least in part to mutations and chromosome aber¬ 
rations (15). The process can be accelerated, however, 
by selection pressures that favor the outgrowth of pro¬ 
liferative subpopulations, including repeated exposure to 
growth-stimulating agents and carcinogens (15,30). 

i 

EMPIRICAL DOSE-INCIDENCE 

RELATIONSHIPS FOR CARCINOGENSIS 

Although hundreds of chemicals have been found to be 
oncogenic in laboratory animals, less than three dozen 
have been observed to be capable of inducing cancer in 
humans (31). With few exceptions, moreover, the relevant 
data are not sufficient to characterize the dose-incidence 
relationship except in a semiquantitative way (8). 

With ionizing radiation, for which the dosimetry is less 
complicated by pharmacokinetic variables than is the 
dosimetry for most chemicals, dose-incidence data are 
available over a relatively wide range of radiation doses 
(32,33). At best, however, the data do not suffice to define 
the dose-incidence relationship in the low-dose domain. 
Assessment of the carcinogenic risks associated with low- 
level irradiation must thus depend on extrapolation from 
observations at higher levels of exposure, based on 
assumptions about the relevant dose-incidence relation¬ 
ships and mechanisms of carcinogenesis. 

The extrapolation models that are used for estimating 
the carcinogenic risks of low-level irradiation generally 
assume a linear nonthreshold relationship between risk 
and dose in the low-dose domain, although the data do 
not exclude a threshold (8,33,34). Among the lines of 
epidemiological evidence that are consistent with a 
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nonthrehsold relationship are: (i) a 25-50% excess of 
leukemia in children exposed to diagnostic x-rays in utero. 
in whom the radiation dose is estimated to have averaged 
less than 50 mGy (35,36); (ii) an excess of thyroid tumors 
in persons who received therapeutic irradiation of the scalp 
in childhood for tinea capitis, in whom the dose to the 
thyroid gland is estimated to have averaged no more than 
60-80 mGy (37,38); (iii) a dose-dependent excess of 
breast cancer, of essentially the same magnitude for a 
given dose, in: (a) women exposed to A bomb radiation, 
(b) women given therapeutic irradiation of the breast for 
postpartum mastitis, (c) women who received multiple 
fluoroscopic examinations of the chest during the treat¬ 
ment of pulmonary tuberculosis with artificial pneumo¬ 
thorax, and (d) women exposed to external gamma radia¬ 
tion in the pain ting of luminous clock and instrument dials 
(33,39); and (iv) a dose-dependent excess of leukemia in 
A bomb survivors, which is evident at doses below 300 
mGy (33,34). In each of the above populations, the dose- 
incidence data in low-to-intermediate dose range are com¬ 
patible with a linear nonthreshold relationship for the 
neoplasms in question. Comparable data, moreover, are 
available for certain radiation-induced neoplasms in 
laboratory animals (8,32,40,41). As concerns the car¬ 
cinogenic effects of chemicals, quantitative dose-inci¬ 
dence data for humans are extremely limited, with few 
exceptions. A noteworthy exception is cigarette smoke, 
the major cause of lung cancer. In cigarette smokers, the 
incidence of lung cancer increases as a function of the 
number of cigarettes smoked per day raised approximately 
to a power of 1.8 (42). Furthermore, the absence of any 
clear indication of a threshold in the dose-incidence curve 
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Figure 1. Annual incidence of lung cancer in regular cigarette smokers, 
in relation to the number of cigarettes smoked per day. (From Ref. 61.) 



Figure 2. Cumulative incidence of cancer of the urinary bladder in 
78 distillers of 0-naphthylamine and benzidine. (From Ref. 8, based 
on data from Ref. 62.) 


(Fig. 1) is consistent with epidemiological data implying 
that the risk of lung cancer can be increased even in 
nonsmokers by passive exposure to cigarette smoke over 
prolonged periods (43). 

Other populations for which the dose-incidence data 
are compatible with a nonthreshold type of response in¬ 
clude groups of chemists who were employed as distillers 
of 2-naphthylamine, In one such group, the cumulative 
incidence of cancer of the urinary bladder was observed 
to increase with the duration of occupational exposure, 
approaching 100% in workers who were exposed for five 
years or longer (Fig. 2). 

In asbestos workers, likewise, the rates of lung cancer 
and mesothelioma appear to increase linearly with the in¬ 
tensity and duration of exposure (44). Furthermore, in 
asbestos workers who smoke cigarettes, the combined car¬ 
cinogenic effects of asbestos and cigarette smoke appear 
to be multiplicative rather than merely additive (Table 2), 
implying that the two agents exert their effects through 
complementary rather than similar mechanisms. 

With respect to the mechanism of cigarette smoke- 
induced carcinogenesis, it is noteworthy that the excess 
of lung cancer in ex-smokers stops rising relatively 
promptly after cessation of smoking (45), suggesting that 
cigarette smoke affects primarily late stages of car¬ 
cinogenesis. The carcinogenic effects of cigarettes thus 
stand in contrast to those of radiation (33) and asbestos 
(46), which continue to become manifest for decades after 
exposure. 
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Table 2 

Age-Standardized Lung Cancer Death Rates as Affected by Cigarette Smoking, Occupational Exposure to Asbestos Dust, or Both 3 


Exposure to asbestos 

History of cigarette smoking 

Death rate 

Mortality difference 

Mortality ratio 

No 

No 

11.3 

0.0 

1.00 

Yes 

No 

58.4 

+47.1 

5.17 

No 

Yes 

122.6 

+ 111.3 

10.85 

Yes 

Yes 

601.6 

+ 590.3 

53.24 


a Age-standardized lung cancer death rates are rates per 100.000 man-years standardized for age on the distribution of the man-years of all the 
asbestos workers. Number of lung cancer deaths based on death certificate information. 

Source : From Ref. 59. 


Because of the multicausal, multistage nature of carcin¬ 
ogenesis and the fact that the mechanism of carcinogenesis 
is not the same for all cancers and all agents, some diver¬ 
sity of dose-incidence relationships is to be expected. The 
neoplasms that are induced by a given chemical in dif¬ 
ferent tissues or in animals of different species also may 
vary in dose-incidence relationships because of pharmaco- 
genetic and pharmacokinetic differences affecting the 
dosage of carcinogen to different target cells (47). The 
observed age- end tissue-dependent variations in dose- 
incidence relationhips among radiation-induced neoplasms 
are largely unexplained as yet (41), but differences in cell 
proliferation kinetics and homeostatic ability (including 
capacity to repair DNA damage) may constitute poten¬ 
tial sources of such variation (20). 

To explore the dose-incidence curve for carcinogenesis 
at low doses, a number of large-scale experiments have 
been carried out with laboratory animals. In the largest 
of these to date, the incidence of hepatomas in mice was 
observed to increase with the concentration of 2-AAF in 
the diet even at the lowest dose level tested (Fig. 3), 
whereas the dose-incidence curve for tumors of the 
urinary bladder v/as quasithresholded (Fig. 3). This con¬ 
trast in dose-incidence curves may have resulted from dif¬ 
ferences between the liver and the bladder in the metabol¬ 
ism of 2-AAF among other explanations. 

Because a given carcinogen may influence the probabil¬ 
ity of neoplasia through more than one type of effect, at 
least at high dose levels, its dose-incidence curve can 
reflect differing combinations of initiating effects, pro¬ 
moting effects, and anticarcinogenic effects, depending 
on the dose and other circumstances. The combined effects 
of multiple agents may, likewise, be additive, synergistic, 
or antagonistic, depending on the agents in question and 
the conditions of exposure. At low to moderate dose 
levels, the effects of a complete carcinogen can general¬ 
ly be accentuated by appropriate tumor-promoting stimuli, 


which unmask initiating effects that would otherwise re¬ 
main unexpressed (Fig. 4). It is noteworthy, moreover, 
that under conditions in which initiating effects are pro¬ 
moted to full expression they often increase as a linear 
nonthreshold function of the dose of the initiating agent 
(Fig. 4). Furthermore, whereas the carcinogenic effec¬ 
tiveness per unit dose of x-rays and gamma rays tends to 



in the Diet (ppm) 


Figure 3. Cumulative incidence of tumors of the liver and of the urinary 
bladder in female BALB/c mice exposed to 2-acetyIaminofluorene 
(2-AAF) at various concentrations in the diet for up to 33 months. (From 
Ref. 63.). 
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Figure 4a. Cumulative incidence (in percent) of leukemia in C57BL 
mice in relation to the dose of whole-body x-radiation administered in 
a single exposure (- 0 - 0 -), with or without subsequent injections of 
urethane (-x-x-). (Reproduced from Ref. 64.) 



BoP (/19/week) 


Figure 4b. Cumulative incidence of carcinomas of the skin in mice 
exposed once weekly to benzo(a)pyrene (BaP), with or without subse¬ 
quent exposure to 12-C-tetradecanoyl phorboM 3-acetate (TPA) twice 
weekly. Doses refer to the amount of B(a)P applied to the skin each 
week. (Reproduced from Ref. 65.) 


decrease with decreasing dose and dose rate, that of high- 
LET radiation tends to remain constant or even increase 
(Fig. 5) (32,40,41). 
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DOSE (rods) 

Figure 5. Life shortening (all causes) in male B6CF, mice in relation 
to the total dose of single, fractionated (FR), or continuous whole-body 
neutron- or gamma-irradiation. (Reproduced from Ref. 66.) 


Cell Transformation In Vitro 

The neoplastic transformation of cells in vitro, although 
not strictly analogous to carcinogenesis in vivo, provides 
a model system that can be helpful in identifying carcino¬ 
genic agents and exploring their mechanisms of action. 
Few detailed dose-response curves for cell transforma¬ 
tion have been published as yet, but the morphological 
transformaton of Syrian hamster embryo cells by ben- 
zo(a)pyrene (BAP) (48,49) is consistent with one-hit 
kinetics except at cytotoxic dose levels (50). A one-hit 
model also holds for the transformation of such ceils by 
the combined effects of x-rays and BAP (50). With x-rays 
alone, the frequency of transformation per surviving ceil 
is increased by a dose as low as 10 mGy, above which 
it appears to increase curvilinearly with the dose up to 
1.5 Gy; however, a linear increase over the same dose 
range cannot be excluded (51). Although the rate of 
transformation per unit dose typically decreases on pro¬ 
traction or fractionation of exposure to gamma rays, it 
may increase on protraction or fractionation of exposure 
to fast neutrons (Fig. 6). 

In C3H101/2 ceils irradiated in vitro—as well as in 
thyroid and mammary “clonogens“ irradiated in vivo 
(52)—“initiation” appears to occur with a frequency as 
high as 0.01-0.1 per ceil per Gy (53) and to increase as 
a linear nonthreshold function of the dose (Fig. 7). The 
subsequent, final transforming event in such cells is far 
rarer, however, occurring at a rate of only 10” 6 to 10“ 7 
per cell generation (53,54). 
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Figure 6. Frequency of neoplastic transformation in C3H 10T1/2 cells 
exposed to fission-spectrum neutrons. Dashed lines indicate linear regres¬ 
sions fitted to the initial portions of the dose-effect curves. (Reproduced 
from Ref. 67.) 


Interpolation said Extrapolation Models 

Although the relation between the incidence of neoplasia 
and the dose of carcinogen is known to vary with the type 
of neoplasm, the carcinogen, and other variables, the 
dose-incidence relationships at low doses is not known 
precisely for any neoplasm or carcinogen. The risks of 
low-level exposure to a cancer-causing agent can thus be 
assessed only through interpolation or extrapolation from 
effects observed at higher levels of exposure. For many 
of the neoplasms, induced by ionizing radiation, the dose- 
incidence relation generally conforms to the patterns il¬ 
lustrated in Figure 8, which are consistent with those to 
be expected if the probability of carcinogenesis could be 
increased in a suitably susceptible individual by an appro¬ 
priate mutation or chromosomal aberration in a single 
somatic ceil. Under this assumption, the dose-incidence 
curve for high-LET radiation would be expected to con¬ 
form, in general, to the expression; 

/ = C + aD (1) 

where I is the incidence at dose D, C is the incidence in 
nonirradiated controls, and the coefficient a is a constant; 
similarly, for low-LET radiation, the dose-incidence curve 
would conform, in general, to the expression: 

/ = (C + aD 4- bD 2 )Q~^ D+c f D2) (2) 

where the symobls are comparable to those above, ex¬ 
cept for a different value of the coefficient a and the ad¬ 
dition of the coefficients b, p , and q (55). 



Figure 7. Dose-response relationship for the induction of neoplastic 
transformation in mouse 10T1/2 cells by x-rays alone (o), or by x-rays 
followed by phorbol ester, starting 48 h after irradiation and continued 
for the full 6-week expression period (•). No increase in transforma¬ 
tion frequency was detected following exposure to phorbol ester alone. 
(Reproduced from Ref. 68.) 


While many of the observed dose-incidence curves con¬ 
form to the latter pattern, the curve for radiation-induced 
breast cancer appears more nearly linear, as noted above. 
To allow for uncertainty about the shape of the dose- 
incidence curve at low doses and thus to obtain a range 
of reasonable risk estimates, alternative models (Figs. 9 
and 10) have been used in assessing the risks of low-level 
exposure to carcinogens. Most such models treat carcino¬ 
genesis as a multicausal, multistage process. Depending 
on the particular model that is used for interpolation or 
extrapolation, however, the estimated risk at low doses 
can vary by order of magnitude (e.g., Table 3). The linear 
(one-hit) model for interpolating between the lowest dose 
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Figure 8. Estimated risk ofliver cancer, p(d). in relation to the dose 
of aflatoxin, d, as determined with different dose-incidence models; i.e., 
OH, one-hit model; MS, multistage model; W, Weibull model; MH 
multihit model; and MB, Mantel-Bryan (log-probit model), (From Ref. 
56.) 

Table 3 

Estimated Risk of Cancer of the Human Urinary Bladder 
from Daily Ingestion of 0.12 g of Saccharin 

Lifetime cases 


Method of transspecies scaling and of per million 

high- to low-dose extrapolation exposed 

Rat dose adjusted to human dose by surface 
area rule 

Single-hit model 1,200 

Multistage mode! (with quadratic term) 5 

Multihit model 0.001 

Mantel-Bryan pro bit model 450 

Rat dose adjusted to human dose by 
mg/kg/day equivalence 

Single-hit model 210 

Multihit model 0.001 

Mantel-Bryan probit mode) 21 

Rat dose adjusted ito human dose by 
mg/kg/Iifetime equivalence 

Single-hit model 5,200 

Multihit model 0.001 

Mantel-Bryan probit model . 4,200 

Source : From Ref. 60. 
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Figure 9. Dose-response curves for four different mathematical models 
relating cancer incidence to radiation dose which were evaluated by the 
National Academy of Sciences Advisory Committee on the Biological 
Effects of Ionizing Radiation. (From Ref. 33.) 

— high dose rate 

— low dose rate 


t / high LET 



Figure 10. Diagrammatic representation of characteristic dose-response 
curves, relating the incidence of tumors in laboratory animals to the 

dose and dose rate of high-LET (-) radiation and low-LET (—) 

radiation. (Reproduced from Ref. 69.) 


at which a significantly increased incidence has been 
observed and the baseline (zero dose) incidence is general¬ 
ly thought to overestimate the risk at low doses (8,56), 
and thus to provide an ‘"upper limit” estimate of risk, with 
the lower limit of the range extending to zero. 
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Although the. mechanisms of action of carcinogens of 
different types are still to be defined precisely, the ex¬ 
isting data suggest that a linear nonthreshold interpola¬ 
tion model may be appropriate only for an initiating agent 
or a complete carcinogen, and that a model yielding a 
smaller estimate of the risk at low doses is more likely 
to be appropriate for a promoting agent. Similarly, for 
a chemical that is activated through nonlinear metabolic 
processes (57) or that acts through toxic effects elicited 
only at relatively high doses (e.g., immunosuppression) 
(58), a threshold! or quasithreshold dose-incidence model 
is likely to be more appropriate. 

In view, however, of the existence within the human 
population of individuals who vary widely in their suscep¬ 
tibility to cancer, as well as those who are at different 
stages of care ingenes is as a result of the action of other 
cancer-causing agents or risk factors, it is assumed that 
a carcinogen may pose some degree of risk to the popula¬ 
tion at any dose, by exerting carcinogenic effects that are 
additive with those which account for the “spontaneous” 
baseline incidence of cancer (Fig. 11). Hence, unless an 
agent can be shown to act through effects that are not addi¬ 
tive with those which account for the “spontaneous” 
baseline incidence of cancer, a nonthreshold model is 
generally recommended for assessing the carcinogenic 
risks of the agem for public health purposes. 


Probability 
of Cancer 



Figure 11. Diagram illustrating the expected increment in risk of cancer 
resulting from a low dose of a hypotheticaJ carcinogen. Because cellular 
effects similar to those of the carcinogen may be produced in its absence 
by “background” mechanisms, the effects resulting from low doses of 
that carcinogen may be additive with those resulting from other “back¬ 
ground” risk factors, thus causing an increase in the risk that is propor¬ 
tional to the dose. (From Ref. 70.) 
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INTRODUCTION 

f’ew issues in health policy are more contentious than the choice of the appro¬ 
priate dose-incidence model for use in estimating the risks of cancer associated 
with low-level exposure to a carcinogen. The notion that there may be no thresh¬ 
old for carcinogenic effects—namely, that some degree of risk may be associated 
with the lowest dose of carcinogen—seems to contradict everyday experience 
that teaches us that essentially no other type of insult produces a lasting injury 
unless it exceeds some threshold of severity. 

In the past, toxicological risk assessments have traditionally been based on the 
concept of a no-effect level. The applicability of this concept to mutagenic effects, 
however, came to be questioned by the middle of the century. 1 Since then, the 
applicability of the concept to carcinogenic effects—which likewise may conceiv¬ 
ably be mediated through effects on individual cells, rather than groups of cells— 
also lias been challenged. 

In principle, of course, it is not possible to prove or disprove the existence of 
an absolute threshold for carcinogenesis'. Hence the argument for or against the 
threshold hypothesis must be based on theoretical as well as empirical evidence. 2 
Some of the salient lines of evidence are summarized briefly in the following. 


BIOLOGY OF CARCINOGENESIS 
Unicellular, Monoclonal Origin of Cancer 

The monoclonal origin of cancer is suggested by enzymological studies of 
human tumor cells, in which X-linked glucose-6-phosphate dehydrogenase has 
been used as a marker. 3 Similar evidence has come from studies of chemically 
induced tumors of chimeric mice, in which glucose phosphate isomerase has been 
used as a marker. 4 ’ 5 Cytogenetic analysis of tumor cells has also suggested their 
monoclonal nature. 6 

The evidence that cancer usually originates from a single precursor cell im¬ 
plies, as does the heritable nature of the malignant phenotype, that appropriate 
damage to one cell alone may suffice to increase the probability of the disease in a 

a Preparation of this report was supported in part by Grants ES 00260 and CA 13343 from 
the U.S. Public Health Service and Grant SIG-9 from the American Cancer Society. 

863 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


2025545959 



864 


ANNALS NEW YORK ACADEMY OF SCIENCES 


suitably susceptible individual. The data also indicate, however, that more than 
one alteration is necessary to convert a normal cell into a cancer cell, as discussed 
below. 


Multicausal, Multistage Nature of Carcinogenesis 

Clinical, pathological, and experimental data imply that cancer evolves 
through at least three successive stages: initiation, promotion, and progression. 7 


Initiation 

Initiation, which starts the process, does not itself suffice to cause neoplasia 
but predisposes the affected cell and its progeny to subsequent steps in carcino¬ 
genesis. The initiated cell may not be recognizable as such, however, or may 
never form a tumor, unless it is further altered by subsequent tumor-promoting 
stimulation. The mechanism of tumor initiation remains to be established, but 
some type of mutational process is suggested by the evidence that 1) initiation is 
relatively prompt and irreversible; 2) most ultimate carcinogens are mutagens; 3) 
the frequency of cell transformation induced by a given carcinogen usually is 
highest if exposure to the agent occurs just before or during the DNA synthetic 
phase of the cell cycle 8 ; 4) DNA to which a chemical carcinogen is bound can 
serve as a template for DNA replication 9 ; 5) after exposure to a carcinogen, DNA 
synthesis and subsequent cell division “fix” the potential for neoplastic change 10 ; 
6) in a given biological system, the carcinogenic potency of an initiating chemical 
is generally correlated with the extent to which it binds covalently to DNA, and 
with the nature of the resulting reaction products; and 7) susceptibility to cancer is 
increased in persons who are deficient in DNA repair. 11 The frequency of neoplas¬ 
tic transformation is far higher, however, than that of single gene mutation in cells 
exposed to genotoxic carcinogens 12 ’ 13 ; hence, the data implicate multiple onco¬ 
genic sites, damage of the genome at sites unlikely to be repaired (for example, 
tandem repeats), or genetic damage other than point mutations. 14 The specific 
genes that may be involved are only beginning to be defined but appear to include 
antioncogenes as well as oncogenes. 11 It is noteworthy, furthermore, that activa¬ 
tion and expression of more than one oncogene appears to be necessary for cell 
transformation in vitro. 15 


Tumor Promotion 

Tumor promotion is the process that results in the additional change, or 
changes, necessary to cause the neoplastic transformation of an initiated cell. In 
contrast to initiation, which can result from a single exposure to an appropriate 
tumor-initiating agent, tumor promotion requires repeated and sustained stimuli. 
Although tumor promotion has been demonstrated in a number of tissues, its 
mechanisms have thus far been studied systematically only in a few model sys¬ 
tems. In one of these, the mouse skin model, nanomolar concentrations of the 
tumor-promoting phorbol ester 12-0-tetradecanoylphorbol-l3-acetate induce stim¬ 
ulation of 1) macromolecular synthesis; 2) hyperplasia; 3) polyamine synthesis; 4) 
prostaglandin synthesis; 5) protease production; 6) alterations of cell membrane 
enzymes and glycoproteins; 7) induction of sister-chromatid exchanges; 8) altered 
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differentiation; and 9) modified responses to other growth-controlling factors. 16 
Such effects have also been demonstrated, in vivo and in vitro , in cells of various 
other species, including man. As yet, however, it is not known whether any of 
these responses is critical for tumor promotion. Furthermore, although all tumor- 
promoting agents induce cellular proliferation in their respective target tissues, 
each appears to be relatively tissue-specific. The capacity of the promoters to 
induce pleiotropic effects at nanomolar concentrations and their discrete struc¬ 
ture-activity relationships implicate a hormone-like mode of action. 17-19 

Agents that possess initiating activity as well as promoting activity can cause 
neoplasia by themselves if given in sufficient doses. The effects of such “com¬ 
plete” carcinogens can be enhanced, however, by various other agents that are 
not active by themselves but can potentiate the effects of carcinogens if given 
simultaneously with them. 20 Such “co-carcinogens,” which include certain phe¬ 
nols, aliphatic hydrocarbons, and aromatic hydrocarbons, are prevalent in the 
environment and appear to act by altering the uptake, distribution, and/or metabo¬ 
lism of carcinogens, or by enhancing the susceptibility of the target cells or host. 20 
Tumor promoters have thus traditionally been considered to act predominantly 
through epigenetic mechanisms. 18 Recently, however, the production of indirect 
damage to DNA, resulting in mutations and chromosome aberrations, has been 
implicated in a growing number of instances 21-23 ; for example, target organ-spe¬ 
cific DNA adducts have been identified in association with the carcinogenic ef¬ 
fects of diethylstilbesterol on the hamster kidney. 24 


Tumor Progression 

Tumor progression is a process through which successive alterations in neo¬ 
plastic cells give rise to increasingly autonomous clonal derivatives. 25 The precise 
nature of such alterations remains to be determined, but mutations and chromo¬ 
some aberrations have been tentatively implicated. 7 Tumor progression may be 
accelerated by repeated exposure of neoplastic cells to carcinogenic stimuli or by 
selection pressures that favor the outgrowth of increasingly autonomous subpopu¬ 
lations of cells. 


EPIDEMIOLOGIC DATA ON DOSE-INCIDENCE RELATIONSHIPS IN 

HUMANS 

I:n contrast to the hundreds of chemicals that have been observed to possess 
oncogenic activity in laboratory animals, less than three dozen are known to 
induce cancer in man. 26 In few cases, moreover, are the relevant epidemiological 
data adequate to characterize the relationship between cancer incidence and the 
dose of a given carcinogen, except in a semiquantitative way. 

Analysis of the dose-incidence relationship is less difficult with ionizing radia¬ 
tion than with carcinogenic chemicals because dosimetry with radiation is not 
complicated in the same way by pharmacokinetic variables. Furthermore, inci¬ 
dence data for irradiated populations are available over a wide range of radiation 
doses, 27 - 28 whereas comparable dose-incidence data for chemicals are generally 
lacking. In no case, however, do the data suffice to define the dose-incidence 
relationship in the low dose domain or to exclude the possibility of a threshold. 
Hence assessment of the carcinogenic risk associated with low-level exposure to 
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any carcinogenic agent must depend on extrapolation from observations at higher 
dose levels, based on assumptions about the relevant dose-incidence relation¬ 
ships and mechanisms of carcinogenesis. 

The extrapolation models generally used for estimating the carcinogenic risks 
of low-level irradiation are of the nonthreshold type; that is, the linear non¬ 
threshold model or the “linear-quadratic” nonthreshold model is usually 
used. 28 - 29 The strongest epidemiological evidence in support of these models con¬ 
sists of (1) the large excess of acute leukemia and other juvenile malignancies that 
is associated with a dose as low as 1-5 rad in utero 30 - 31 ; (2) the excess of thyroid 



FIGURE 1. Incidence of cancer of the female breast as a function of dose in A-bomb 
survivors, in women treated with X-rays for acute postpartum mastitis, and in women 
subjected to multiple fluoroscopic examinations of the chest during treatment of pulmonary 
tuberculosis with artificial pneumothorax. (Reproduced from Boice et al . M with permission 
from the Radiological Society of North America.) 


tumors that occurs following epilating irradiation of the scalp for tinea capitis in 
childhood, which is associated with an average dose to the thyroid gland of only 
6-8 rad; 32,33 (3) the excess of breast cancers (Fig. 1) in (a) women exposed to A- 
bomb radiation, ( b ) women given therapeutic irradiation for postpartum mastitis, 
(c) women who received multiple fluoroscopic examinations of the chest during 
the treatment of pulmonary tuberculosis with artificial pneumothorax, and ( d ) 
women exposed occupationally to external gamma radiation in the painting of 
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FIGURE 2. Incidence of lung cancer in regular smokers of cigarettes in relation to the 
number of cigarettes smoked per day. (Reproduced from Doll 35 with permission.) 


luminous clock and instrument dials, which is similar in all four groups, irrespec¬ 
tive of the marked differences among the groups in the duration of exposure 28,34 ; 
and (4) the excess of leukemia in A-bomb survivors, which is evident at doses 
below 0.25 Gy. 28,29 The data from each of these studies, although not adequate to 
precisely define the shape of the dose-incidence curve in the low dose domain, 
are compatible with linear nonthreshold functions for each of the neoplasms in 
question. 

With respect to the carcinogenic effects of chemicals, as opposed to ionizing 
radisition, quantitative dose-incidence information for human populations is far 
more limited. Nevertheless, considerable information is available for a few chemi¬ 
cals, one of them being cigarette smoke, which contains thousands of compounds, 
including initiating agents as well as promoting agents. In cigarette smokers, the 
incidence of lung cancer (Fig. 2) increases as a function of the average number of 
cigarettes smoked per day raised to a power of 1.8. 36 

Similarly, in chemists who were employed as distillers of 2-napthylamine, the 
cumulative incidence of cancer of the urinary bladder increases steeply with the 
duration of occupational exposure, approaching 100% in those who were exposed 
for 5 years or longer (Fig. 3). 


FIGURE 3. Cumulative incidence of tumors of the uri¬ 
nary bladder, at 30 years after start of exposure in 78 
distillers of 2-naphthylamine and benzidine, in relation to 
duration of occupational exposure. (Reproduced from 
SaffiottF [based on data from Williams 38 ] with permission 
from the International Agency for Research on Cancer.) 
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In asbestos workers, likewise, the incidence of lung cancer and of mesothe¬ 
lioma appears to increase linearly with the intensity and duration of exposure. 39 It 
is noteworthy, furthermore, that in cigarette smokers who have also been exposed 
occupationally to asbestos, the carcinogenic effects of cigarette smoke and asbes¬ 
tos appear to interact multiplicatively rather than additively (Table 1). 

Also noteworthy is the fact that the excess of lung cancer in ex-smokers 
decreases rapidly after cessation of smoking, 41 suggesting that cigarette smoke 
affects primarily on late stages of carcinogenesis, acting as a promoting agent. 
This situation contrasts sharply with that in irradiated 28 or asbestos-exposed 42 
populations, in whom the risk of lung cancer persists long after exposure. 


EXPERIMENTAL DOSE-EFFECT DATA 

Carcinogenesis in Laboratory Animals 

The neoplasms induced experimentally in animals of different species vary 
widely in dose-incidence relationships. Although neoplasms of virtually every 


TABLE l. Age-Standardized Lung Cancer Death Rates for Cigarette Smoking, 
Occupational Exposure to Asbestos Dust, or Both 


Group 

Exposure 

to 

Asbestos? 

History of 
Cigarette 
Smoking? 

Death 

Rate 

Mortality 

Difference 

Mortality 

Ratio 

Control 

No 

No 

11.3 

0.0 

1.00 

Asbestos workers 

Yes 

No 

58.4 

+47.1 

5.17 

Control 

No 

Yes 

122.6 

+ 111.3 

10.85 

Asbestos workers 

Yes 

Yes 

601.6 

+590.3 

53.24 


Note: Age-standardized lung cancer death rates are rates per 100,000 man-years stan- 
dardized for age on the distribution of the man-years of all the asbestos workers. Number of 
lung cancer deaths based on death certificate information. (Adapted from Selikoff. 40 ) 


type have been induced in one experiment or another, all types of neoplasms are 
not elicited in animals of any one species or strain. In fact, certain types of 
neoplasms actually decrease in frequency with increasing dose of whole-body 
irradiation (Fig. 4). 

Among chemically induced neoplasms, the observed variations are attribut¬ 
able in part to pharmacokinetic differences affecting the dosage of carcinogen to 
different cells and subcellular targets. Such an explanation cannot account, how¬ 
ever, for the observed variations in dose-incidence relations among radiation- 
induced neoplasms, which remain largely unexplained. Because of the multi- 
causal, multistage nature of carcinogenesis, and the fact that the mechanism of 
carcinogenic effects is not the same in all instances, some diversity of dose- 
incidence relationships is to be expected. 

Obviously, the observed dose-incidence curves cannot all be represented by 
the same mathematical function. Nevertheless, the following generalizations 
emerge from the data: (1) a carcinogenic-induced elevation in the age-specific 
incidence of a particular neoplasm may or may not result in an increase in the final 
cumulative incidence of tumors, depending on the survival of the population at 
risk:; (2) chemicals differ greatly in carcinogenic effectiveness, with the result that 
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FIGURE 4 # Dose-incidence curves for different neoplasms in animals exposed to external 
radiation: (A) myeloid leukemia in X-irradiated mice (Upton et a/. 43 ); (B) mammary gland 
tumors at 12 months in gamma-irradiated rats (Shellabarger et a/. 44 ); (C) thymic lymphoma 
in X-irradiated mice (Kaplan and Brown 45 ); (D) kidney tumors in X-irradiated rats (Malda- 
gue 46 ); (E) skin tumors in alpha-irradiated rats (percentage incidence x 10) (Burns et a/. 47 ); 

(F) skin tumors in electron-irradiated rats (percentage incidence x 10) (Bums et a/. 47 ); and 

(G) reticulum cell sarcoma in X-irradiated mice (Metalli et al . 4 $). (Modified from reference 
49. Reproduced from Upton 21 with permission from the Elsevier/North-Holland Publishing 
Company.) 


the daily dose required to double the risk of neoplasia varies among different 
chemicals by more than six orders of magnitude (Fig. 5); (3) with ionizing radia¬ 
tion, the dose-incidence curve for high linear energy transfer radiation generally 
rises more steeply with dose and is less dependent on the dose rate than is the 
curve for low linear energy transfer radiation 54 ; (4) for many types of neoplasms, 
the incidence passes through a maximum at some intermediate dose and de¬ 
creases with further increase in the dose (Fig. 4); (5) the median time of tumor 


FIGURE 5. Range of carcinogenic potency in male 
rats. (Reproduced from Gold et al. 50 with permission 
from the National Institute of Environmental Health 
Sciences.) 
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appearance t under conditions of daily exposure tends to vary inversely with the 
daily dose d according to the function 

dt n - constant (1) 

where n is greater than one 55 ; (6) because radiation or a given chemical can often 
influence carcinogenesis through more than one mode of action, at least at high 
dose levels, the dose-incidence curve may reflect a combination of initiating 
effects, promoting effects, and anticarcinogenic effects, depending on the particu¬ 
lar agent, dose, and exposure conditions; (7) the combined effects of different 
agents may be additive, synergistic, or antagonistic, depending on the agents in 
question and the conditions of exposure 56 ; (8) at low-to-moderate dose levels, the 
effects of a complete carcinogen can generally be accentuated by appropriate 
tumor-promoting stimuli, which unmask initiating effects of the carcinogen that 
would otherwise remain unexpressed; and (9) under conditions in which initiating 
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FIGURE 6. The yield of skin 
papillomas per mouse versus 
dose per application, after single 
and multiple doses of benzo- 
[ajpyrene. After treatment, 5 fxg 
of 12-0-tetradecanoylphorbol- 
13-acetate was typically applied 
three times per week. (Repro¬ 
duced from Bums and Albert 51 
with permission from Mary Ann 
Liebert, Inc.) 


effects are promoted to full expression, they generally increase as a linear non¬ 
threshold function of the dose of the initiating agent (Fig. 6). 

A number of experiments have been carried out with laboratory animals to 
characterize the dose-incidence curve in the low dose domain. In the largest of 
the experiments to date, performed with BALB/c female mice exposed to 2- 
acetylaminofluorine in the diet, the incidence of hepatomas increased as a linear 
nonthreshold function of the daily dose, whereas the dose-incidence curve for 
tumors of the urinary bladder approached a quasithreshold and resembled a 
hockey stick in shape (Fig. 7). Comparably large experiments have not been 
carried out with ionizing radiation, but the combined results of a number of 
sizable studies in mice, rats, and dogs imply that for most types of tumors (malig¬ 
nant as well as benign) the carcinogenic effectiveness per unit dose of X-rays and 
gamma rays is generally reduced at low doses and low dose rates, whereas that of 
high linear energy transfer radiations remains constant or may even be enhanced 
a.t low doses and low dose rates (Fig. 8), arguing against the likelihood of a 
threshold in such instances. 27,57 ' 58 
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FIGURE 7. Cumulative incidence of neoplasms of the liver 
and urinary bladder in female BALB/c mice exposed to 2- 
acetylaminofluorine at various concentrations in the diet for 
up to 33 months. (Reproduced from Littlefield et al. sl ) 



Cell Transformation in Vitro 

The neoplastic transformation of cells in vitro is not a perfect model of carci¬ 
nogenesis in vivo, but the two systems have enough features in common at the 
cellular level so that cell transformation can be exploited to identify carcinogenic 
agents and explore their mechanisms of action. Although few detailed dose- 
response curves for cell transformation have been published, the effects of ben- 
zo[o]pyrene and ionizing radiation have been studied systematically. With ben- 
zo[ojpyrene, the logarithm of the frequency of morphological transformation in 
Syrian hamster embryo cells increases linearly with the logarithm of the dose 59,60 ; 
the slope of the dose-effect curve suggests a one-hit model for this response 
except at the highest doses, where the deviation from linearity is attributable to 
cytotoxicity. 61 A one-hit model also holds for transformation by the combined 
effects of X-rays and benzofujpyrene. 61 

For Syrian hamster embryo cells transformed by X-rays, the logarithm of the 
transformation frequency per surviving Syrian hamster embryo cell appears to 
increase curvilinearly with the logarithm of the dose from 1 rad to 150 rad, but a 
linear response with a slope of one cannot be excluded. It is noteworthy, further¬ 
more, that an increase in the frequency of cell transformation is detectable at a 
dose of only I rad. 62 Dose-response curves for X-ray-induced transformation of 
C3H 10T1/2 cells show an exponential increase in transformation frequency (foci 
per surviving cell), 63 - 64 with a doubling dose that is higher (about 100 rad) than the 
doubling dose in hamster cells (about 10 rad). 

The effects of fractionating or protracting the dose of radiation vary with the 
experimental conditions in question. With a total dose of less than 100 rad, frac¬ 
tionation has been observed to enhance its transforming effectiveness, 65 ” 67 
whereas the opposite effect has been observed with higher doses (300-800 
rad). 63,64 ’ 66,67 The transforming effectiveness of gamma radiation has generally 


FIGURE 8. Dose-response curves depicting the incidence 
of tumors in laboratory animals in relation to the dose and 
dose rate of high and low linear energy transfer radiation. 
(Reproduced from Thomson et al. n [also in Updon et al. 54 ].) 
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been observed to diminish with protraction whereas that of high linear energy 
transfer radiation has been enhanced. 69 

Few comparable split-dose experiments have been performed with chemicals. 
Two doses of iV-acetoxy-2-fluorenylacetamine administered 2-24 hr apart, how¬ 
ever, were observed to yield a higher frequency of transformation with Syrian 
hamster embryo cells than the same total dose administered at once. In contrast, 
methyl-iV'-nitro-./V-nitrosoquanidine, mitomycin C, and ultraviolet light were less 
effective if delivered in split doses than in a single dose. The effectiveness of 
methyl methanesulfonate was unaffected by dose fractionation. 70 

The morphological transformation of C3H 10T1/2 cells in vitro, like that of 
cells in vivo, is not a one-step process. The first step appears to be rapid event, 71 
occurring with one-hit kinetics in a high percentage of carcinogen-exposed 
cells. 72-74 The second step appears to be either a further qualitative change, occur¬ 
ring at a low frequency during the growth or confluence of the cells, 73-76 or an 
amplification of the transformed phenotype, possibly by release of the cells from 
inhibitory effects of neighboring nontransformed cells. 72,77 78 Clearly, further data 
will be needed to elucidate the mechanism of in vitro transformation and its 
relevance to carcinogenesis in vivo. 


Mutations and Chromosome Aberrations 

In view of the putative roles of mutations and chromosome aberrations as 
mechanisms of carcinogenesis, the dose-response relationships for these changes 
must be considered in assessing the risks associated with low-level exposure to 
carcinogens. 

The changes in DNA that are induced by ionizing radiation and genotoxic 
chemicals, which include single-strand and double-strand breaks, base altera¬ 
tions, cross-linkage, and other modifications, can result from traversal of the cell 
nucleus by a single ionizing particle 79 or from interaction of the DNA with a single 
electrophilic molecule. 80,81 Although a dose of low linear energy transfer radiation 
that is lethal to 50% of dividing cells (that is, 2.5 Sv) causes hundreds of DNA 
strands breaks per cell, much of the damage is reparable, depending on the effec¬ 
tiveness of the cell’s repair processes. 79 Such homeostatic repair processes are 
thought to enable the average cell to repair thousands of lesions in its DNA that 
occur “spontaneously” each day through the effects of natural background radia¬ 
tion, free radicals, and other degradative processes. 82,83 In spite of repair, how¬ 
ever, the persistence of residual damage or the occurrence of lesions resulting 
from misrepair can give rise to mutations or chromosome aberrations or both, the 
frequency of which will depend on the amount and severity of DNA damage. 

The frequency of mutations at the guanine (hypoxanthine) phosphoribosyl 
transferase locus in human lymphocytes increases as a linear, nonthreshold func¬ 
tion of the X-ray dose over the range from 50 to 220 mSv, amounting to about six 
mutations per 10 6 cells per Gy, whether the dose is delivered in several fraction¬ 
ated exposures or in a single brief exposure. 84 

In X-irradiated mouse spermatogonia in vivo, the frequency of specific locus 
mutations increases as a linear-quadratic function of the dose, amounting to 
approximately six mutations per 10 6 cells per locus per Sv at low-to-intermediate 
doses and dose rates; with fast neutrons, the frequency of mutations increases 
more steeply, as a linear nonthreshold function of the dose, and independent of 
the dose rate. 56 
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The frequency of chromosomal aberrations in human lymphocytes irradiated 
in vitro increases as a linear-quadratic nonthreshold function of the dose, approx¬ 
imating 0.1 aberration per cell per Sv in the low-to-intermediate dose region. 85 
The dose required to double the frequency of aberrations in such cells can thus be 
calculated to approximate 0.05 Sv. 86 With high linear energy transfer radiation, 
the frequency of aberrations increases more steeply, as a linear nonthreshold 
function of the dose, and irrespective of the dose rate. 56 ' 86 

Dose-response relationships for chemically induced mutations and chromo¬ 
somal aberrations are less well defined than those for ionizing radiation, in part 
because of the greater diversity of types and mechanisms of chemically induced 
DNA damage. Chemical mutagenesis and clastogenesis involve complex pro¬ 
cesses, including pharmacokinetic variables (uptake, transport, distribution, and 
excretion), metabolic activation and detoxication, and various reactions leading 
to the production of DNA lesions and their subsequent repair-misrepair. Each of 
these steps may conceivably involve first-order kinetics at low doses and hence be 
linear, so that in principle the overall process may be linear and not approach a 
threshold. Even if mutagenesis at low dose levels involved only linear processes, 
the slope of the resulting dose-response relationship could be orders of magnitude 
shallower than the slope at high dose levels, so that the dose-response curve 
could appear to reach a threshold or a quasithreshold. 87 In fact, nonlinear mecha¬ 
nisms are likely to operate in at least some of the transport, metabolism, elimina¬ 
tion, and repair processes that are involved in mutagenesis, 87 and it is noteworthy 
that a single step involving a threshold in such a sequence could give the overall 
process a threshold. Hence, in view of the complexity of the many processes 
involved in chemical mutagenesis, it is not astonishing that the dose-response 
curves for mammalian cells exposed in vitro have been observed to include re¬ 
sponses that appear to involve linear nonthresholds as well as quasithresholds. 88 
Whether any of the responses truly involves a threshold, however, cannot be 
determined from existing data. 

Other factors complicating assessment of the practical implications of dose- 
response data for chemical mutagenesis are the fact that chemicals vary more 
than a millionfold in mutagenic potency and the fact that the magnitude of the 
variation among chemicals also differs depending on the types of cells and indices 
of mutagenicity in question. 88,89 


FACTORS MODIFYING THE DOSE RESPONSE 

A variety of factors are known to affect dose-incidence relationships in car¬ 
cinogenesis. 90 These include, among others, variables influencing the susceptibil¬ 
ity of exposed individuals (for example, genetic background, 11 age at exposure, 28 
immunological reactivity, 91 differences in DNA repair capacity, 85 and differences 
in drug metabolism 92,93 ). The capacity to metabolize a chemical can vary among 
humans by more than 100-fold 94 and among species by more than 1000-fold. 93 In 
any one person, moreover, the balance between toxification and detoxification 
may be highly dose-dependent. 95 As a result, the effective dose of a substance to 
its biological target may differ substantially among persons at a given ambient 
exposure level. 

Also of potential importance in modifying the dose-response relationship for a 
given carcinogen are the effects of other physical or chemical agents. The interac¬ 
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tive effects of these agents may be additive, synergistic, or inhibitory, depending 
on the agents in question and the conditions of exposure. 56 - 96 In a number of 
instances, appropriate stimulation by a tumor-promoting agent has been observed 
to convert a curvilinear dose-incidence response involving a threshold into a 
linear response not involving a threshold (Fig. 9). 


HEALTH POLICY IMPLICATIONS 

The problem of risk assessment for purposes of public health policy is compli¬ 
cated by the fact that cancer arises through successive stages, each of which may 
be affected differently and in as yet unpredictable ways by a given agent. No 
single process is known to be applicable to all carcinogens, all types of cancer, 
and all persons at risk. Most multistage models assume, however, that 1) a normal 
cell must undergo two or more stochastic and essentially irreversible changes to 
become transformed into a cancer cell; 2) one or more of the changes may be 
inherited via the fertilized egg (zygote); and 3) it is the clonal proliferation of a 
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FIGURE 9. The incidence of carcinomas of the 
skin after 350 days of treatment in mice exposed 
to a weekly dose of benzo[a]pyrene on Mon¬ 
day, with or without 5.0 fig of 12-0-tetradeca- 
noylphorbol-13-acetate on Wednesday and 
Friday. Doses refer to the amount of ben- 
zo[a]pyrene given per week. The treatments 
were started at 56 days of age. (Reproduced 
from Bums and Albert 51 with permission from 
Mary Ann Liebert, Inc.) 


single cell in which all the necessary changes have occurred that ultimately gives 
rise to a cancer* 97 According to such a model, any agent that directly or indirectly 
increases the probability of any one of the changes may be a carcinogen because 
such an agent would increase the likelihood that a cell will ultimately acquire all of 
the changes necessary for transformation. The model also implies that the 
changes necessary for malignant transformation must occur in the proper se¬ 
quence, because some carcinogenic stimuli act only on early stages while others 
act on later stages, and that carcinogens that affect different stages in the process 
can be multiplicative rather than merely additive in their combined effects. 

In the absence of definitive human data, risk assessment must depend on other 
types of evidence (for example, on the results of bioassays in laboratory animals 
or on short-term tests for carcinogenicity). Under such circumstances, risk as¬ 
sessment is complicated by questions about 1) the reliability of the test system for 
predicting risks to humans (quantitatively as well as qualitatively); 2) the repro¬ 
ducibility of the test results; 3) the influence of species differences in pharmaco¬ 
kinetics, metabolism, hoemostasis, repair rates, life span, organ sensitivity, and 
baseline cancer rates; 4) the influence of differences in dose, dose rate, and routes 
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of exposure; 5) the significance of benign, as opposed to malignant, tumors; 6) the 
precise nature of the dose-incidence relationship; and 7) the significance of nega¬ 
tive results. 

On the basis of present knowledge, the carcinogenicity of an agent for human 
tissue cannot be predicted accurately by extrapolation from animal data. A chemi¬ 
cal that causes tumors in a particular organ of one species may cause tumors in 
another organ, or no tumors at all, in other species; for example, bioassay results 
in the mouse have been predictive for the rat in only about 80% of cases, and vice 
versa. 98 " The problem is complicated further by the fact that the human popula¬ 
tion is exposed to myriads of agents interacting in various ways, whereas animals 
in the standard bioassay are ordinarily exposed to only one agent at a time. 

The dose-incidence models used by national and international experts for 
estimating the carcinogenic risks of low-level ionizing radiation are generally of 
the nonthreshold type. 27-29 - 100 The models also allow, however, for the fact that 
the magnitude of risk per unit dose appears to vary with the form of cancer, sex, 
age at irradiation, type of radiation (linear energy transfer), dose, and dose rate. 
In view of these differences, each type of neoplasm is generally considered indi¬ 
vidually, with efforts to integrate insofar as possible all relevant epidemiological 
and experimental data. 

Although the relation between incidence and radiation dose is known to vary 
from one type of neoplasm to another, the observed effects of dose rate and linear 
energy transfer on the dose-incidence relation generally conform to the patterns 
illustrated in Figure 8, which are consistent with those expected if one were to 
assume that carcinogenesis could be initiated in a suitably susceptible individual 
by a mutation or chromosomal aberration in a single somatic ceil. According to 
this interpretation, the dose-incidence curve for high linear energy transfer radia¬ 
tion would be expected to conform, in general, to the expression 

I = C + a.DE~ pD (2) 

where / is the incidence at dose D, C is the incidence in nonirradiated controls, 
and a and p are constant coefficients; for low linear energy transfer radiation, the 
dose-incidence curve would conform, in general, to the expression 

' / = (C + a£> + b£> 2 )e - (p D + q D 2 ) (3) 

where the symbols are comparable to those above, except for different values of 
the coefficients a and p and an additional coefficient q. 101 

Although many of the observed dose-incidence curves conform to the pat¬ 
terns described above, the curve for breast cancer appears more nearly linear, and 
the curve for osteosarcomas induced by radium-226 appears more nearly qua¬ 
dratic. 28 Because of the complex, multicausal, multistage nature of carcinogene¬ 
sis, no one simple model is likely to characterize the dose—incidence relation over 
a wide range of doses and exposure conditions. At intermediate-to-high doses, a 
complete carcinogen can be expected to exert promoting effects as well as initiat¬ 
ing effects on tumor formation through alterations in cell population kinetics and 
other changes. At still higher doses, the response can be expected to saturate 
because of cytotoxicity. 

In view of uncertainty about the shape of the dose-incidence curve at low 
doses and low dose rates, various hypothetical models have been used in an effort 
to arrive at a range of estimates for assessing the risks of low-level radiation (Fig. 
10) and chemicals (Fig. 11). 
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FIGURE 10. Dose-response curves for four different mathematical models relating cancer 
incidence to radiation dose. (Reproduced from Reference 28 with permission from the 
National Academy Press.) 


Criteria to aid in the evaluation of epidemiological and experimental data on 
the carcinogenicity of chemicals have been formulated by the International 
Agency for Research on Cancer, 26 the Interagency Regulatory Liaison Group, 102 
and the Office of Science and Technology Policy. 103 These criteria include defini¬ 
tions for weighing the adequacy of the data (for example, definitions of “sufficient 
evidence” and “limited evidence” 26 ). In situations where there is sufficient evi¬ 
dence for the carcinogenicity of a chemical in laboratory animals but not in 
humans, the compound is assumed to present a carcinogenic risk to humans, 
although the magnitude of the risk cannot be estimated with precision. 26 Although 
bioassay and short-term “screening” tests may give information on the mode of 
action of a chemical, such tests are considered to provide no more than support¬ 
ing evidence of carcinogenicity and not to provide sufficient evidence by them¬ 
selves. 

Estimation of carcinogenic risks on the basis of animal data, however good the 
animal data may be, is fraught with uncertainty. Although a chemical with carcin¬ 
ogenic potency in one species (such as aflatoxin B[) is likely to be carcinogenic in 
another, the procedure for extrapolating across species involves assumptions 
about species differences in metabolism and appropriate scaling factors for dose 
and time. Various attempts have been made to determine correct scaling factors 
based on pharmacokinetic data, 95 but the question remains unresolved. 
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In addition, a dose-response model must be used for interpolating between the 
lowest dose at which a significantly increased incidence has been observed and 
the baseline (zero dose) incidence. For this purpose, a linear, nonthreshold (one- 
hit) dose-incidence model is generally recommended, although such a model 
cannot be verified experimentally . 104 This type of model gives higher estimates, 
however, than other models (Fig. 10 and Table 2). Hence it is usually thought 
likely to overestimate the risk at low doses and is thus often considered to esti¬ 
mate the “upper limit” of risk. 

Evidence concerning the modes of action of different classes of carcinogens 
(initiators, promoters, co-carcinogens, and complete carcinogens) suggests that a 
linear nonthreshold model may be appropriate only for initiating agents and com¬ 
plete carcinogens, whereas models yielding smaller estimates of risks at low doses 
might represent more accurately the dose-incidence relationships for other 
classes of carcinogens. For some types of carcinogens, thresholds might even be 
envisioned to exist because of relevant pharmacokinetic factors. For example, 
some chemicals that must be activated metabolically to become carcinogenic may 
be handled through nonlinear metabolic processes, with the result that thresholds 
for their carcinogenic effects may exist . 87 In addition, some agents may act 
through toxic or systemic effects that are produced only at high doses (for exam¬ 
ple, those causing carcinogenic effects on the mucosa of the urinary bladder in 
association with cystitis and urinary tract calculi , 106 or those acting through im¬ 
munosuppressive effects . 91 

If it can be shown, however, that a chemical acts through mechanisms that are 
shared by agents that contribute to the baseline incidence of “spontaneously 



FIGURE ill. Estimated risk of liver cancer, P(d), in relation to dose of aflatoxin, d, as 
determined with different dose-incidence models. The models for the different curves are as 
follows: OH, one-hit model; MS, multistage model; W, Weibull model; MH, multihit model; 
MB, Mantel-Bryan (log-probit model). (Reproduced from Krewski and Van Ryzin 104 with 
permission from the Elsevier/North-Hoiland Publishing Company.) 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


20ZSS4S973 



878 ANNALS NEW YORK ACADEMY OF SCIENCES 

table 2. Estimated Human Risks from Ingestion of 0.12 G/Day of Saccharin 


Lifetime Cases per 

Cases per 50 Million 

Method of High- to Low-Dose Extrapolation Million Exposed per Year 


Rat dose adjusted to human dose by surface 
area rule 

Single-hit model 

1,200 

840 

Multistage model (with quadratic term) 

5 

3.5 

Multihit model 

0.001 

0.0007 

Mantel-Bryan probit model 

450 

315 

Rat dose adjusted to human dose by mgikglday 
equivalence 

Single-hit model 

210 

147 

Multihit model 

0.001 

0.0007 

Mantel-Bryan probit model 

21 

14.7 

Rat dose adjusted to human dose by mglkgl 
lifetime equivalence 

Single-hit model 

5,200 

3,640 

Multihit model 

0.001 

0.0007 

Mantel-Bryan probit model 

4,200 

2,940 

Note: Adapted from Reference 105. 




dccurring” cancer, then exposure to only a small dose of the chemical can be 
expected to increase the incidence by some finite amount. 2,107-109 For this reason, 
the use of a nonthreshold model is generally recommended in risk assessment 
when the mode of action of the carcinogen in question is not known. 


CONCLUSIONS 

The possibility that there may be no threshold for the induction of some forms 
of cancer by ionizing radiation or certain chemicals, at least in appropriately 
susceptible individuals, is suggested by (1) evidence that most cancers arise from 
a single transformed cell; (2) the heritable nature of the transformed phenotype; 
(3) the association between neoplastic transformation and specific mutations or 
chromosomal aberrations; (4) the correlation between carcinogenicity and geno- 
toxicity; (5) the nature of the observed dose-response relationships for mutations, 
chromosomal aberrations, and cell transformation in vitro; and (6) the nature of 
the dose-incidence relationships for certain neoplastic lesions in vivo. 

At the same time, however, carcinogenesis appears to be a multistage process 
involving the stepwise evolution of increasingly autonomous cells in which the 
outcome is influenced by such variables as age, genetic constitution, physiological 
state, metabolism, and homeostatic interactions within and among tumor-forming 
cells and normal cells. Other variables that complicate analysis of dose-incidence 
relationships are (1) poorly defined interactions among cancer-causing agents, 
which may be additive, multiplicative, or antagonistic in their combined effects; 
(2) the fact that the human environment contains myriads of agents, many of 
which are known to modulate the effects of others; (3) the existence of nonlinear 
kinetics in the metabolism of certain chemical carcinogens; and (4) evidence that 
some agents act primarily through mechanisms that presumably operate only at 
high dose levels. 
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Because of the complexity of carcinogenesis and the variability of dose-inci¬ 
dence relationships, it is not possible on the basis of present knowledge to extrap¬ 
olate confidently across different species, population groups, doses, and condi¬ 
tions of exposure in estimating the carcinogenic risks of a particular carcinogen 
for human populations exposed at low dose levels. Agents differ widely in metab¬ 
olism, potency, and mode of action, with the result that their hazards can be 
expected to vary greatly at low doses, whether estimated with the use of a thresh¬ 
old dose-incidence model or a nonthreshold dose-incidence model. In selecting 
the appropriate dose-incidence model for risk assessment, one must consider 
each agent individually, taking ail relevant epidemiological, clinical, and experi¬ 
mental data into account. 

The existing evidence does not rigorously exclude a threshold for any carcino¬ 
gen, but the use of a nonthreshold model for ionizing radiation and most chemi¬ 
cals, especially those with genotoxic activity, is generally recommended on the 
basis of present knowledge. The choice of a threshold model cannot be justified in 
the absence of evidence that the metabolism or mode of action or both of the agent 
varies appropriately in relation to the dose. 
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REVIEW 


Perspectives on Comparing Risks of 
Environmental Carcinogens 1 

Frederica Per era, * Paolo Boffetta 2-3 


In 1987, investigators (Ames et al.) concluded that the risks 
of man-made industrial carcinogens and pesticides (outside 
of the workplace) art: trivial compared with the risks of nat¬ 
urally occurring carc inogens found mostly in the diet. They 
used a ranking system based on human exposure and rodent 
potency (HERP) data to arrive at this conclusion. As a re¬ 
sult, they recommend that regulatory agencies, such as the 
Environmental Protection Agency and the Food and Drug 
Administration, base their priorities in this area on their 
HERP system. We jmalyzed the assumptions and data set 
upon which the HERPs were based, concluding that such 
a simplified approach to set public health policy is inap¬ 
propriate given the underlying uncertainties. However, we 
ote that when comparisons are consistently based on esti¬ 
mates of average daily exposure to common carcinogens, the 
HERP scores of many man-made pollutants are compara¬ 
ble to those of naturally occurring carcinogens in the diet. 
[J Natl Cancer Inst 1988;80:1282-1293] 


Background 

The majority (an estimated 60%-90%) of human can¬ 
cer is considered to be attributable to environmental factors, 
broadly defined to include cigarette smoking, industrial pol¬ 
lutants, radiation, diet, and perhaps other life-style factors 
and viruses (1). Thus, in theory most cancer is preventable 
through the identific ation and control of causative factors, in¬ 
cluding exposure .to carcinogens. For decades, policymakers' 
concerned with the assessment and regulation of environ¬ 
mental carcinogens have searched for a systematic way to 
set priorities among the many candidates. This paper criti¬ 
cally evaluates the most recent proposal for such a ranking 
scheme (2). 

Identification of specific etiologic factors and estimation of 
their relative impoitance constitute a formidable task. Few 
cancers are attributable to single factors or exposures: rather, 
complex interactions between environmental and host fac- 

1282 


tors are generally involved (3-5). Moreover, because of the 
limitations of epidemiology (6), only rarely are human data 
available that directly link an environmental agent to hu¬ 
man cancer. For example, epidemiological studies strongly 
suggest, although they do not conclusively establish, an as¬ 
sociation between organic chemical carcinogens in drinking 
water (such as chloroform) and cancers at several sites, in¬ 
cluding the rectum, colon, and bladder (7-11). Certain di¬ 
etary and nutritional factors (such as dietary fat and fiber) 
have been implicated in cancer of the breast, colon, rectum, 
and stomach (12J3\ but here too a direct causal association 
has not been established for specific dietary constituents. In 
addition to active cigarette smoking and a significant num¬ 
ber of pollutants in the workplace, established tc human 
lung carcinogens ( 14\ there is growing evidence t pas¬ 
sive smoking (15) and pollutants in the ambient ai r (16,17) 
contribute significantly to lung cancer mortality. However, 
because of cost and feasibility constraints and the difficulty 
in identifying an appropriate study population, the vast ma¬ 
jority of animal carcinogens, both naturally occurring and 
man-made, have neither been the subject of epidemiological 
investigation nor are they likely to be (18). Thus, for practi¬ 
cal purposes, as a matter of long-standing policy, regulatory 
agencies accept the use of positive animal data as predictive 
of carcinogenic hazard in human beings (19). The alterna¬ 
tive, awaiting positive evidence of carcinogenicity in humans. 
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traditionally nas oeen rejectea as morally ana socially unac¬ 
ceptable. 

A major limitation of epidemiology (and risk assess¬ 
ment) is that reliable data on human exposure to specific 
chemicals are frequently lacking. Therefore, by necessity, 
most epidemiological studies have relied on crude or in¬ 
direct measures of exposure. A significant number of car¬ 
cinogens have been detected in drinking water, ambient air, 
and the food supply; however, reliable monitoring data ex¬ 
ist for only a small fraction of these chemicals. For ex¬ 
ample, while dozens of pesticides and industrial chemical 
carcinogens have been measured routinely in surface wa¬ 
ter, groundwater, and drinking water, they represent only a 
small percentage of chemical pollutants present (10,20-23). 
Over 700 organic chemicals have been found to be present 
in the U.S. drinking water supply, including 40 known or 
suspected carcinogens (24). Numerous carcinogenic air pol¬ 
lutants (trace metals, polycyclic aromatic hydrocarbons, and 
volatile organic chemicals) have been detected in ambient 
air, again, there are little or no reliable monitoring data 
on the majority of airborne carcinogens (25). Similarly, 
many carcinogenic pesticide residues have been identified 
in the food supply, but reliable exposure data are lacking for 
most (26).' Testifying to the pervasiveness of environmen¬ 
tal contamination are studies showing significant concen¬ 
trations of synthetic organic chemicals in the blood, urine, 
and/or adipose tissue of the U.S. population. These include 
l,l,l-trichioro-2,2-hi$(p-chlorophcnyl)ethane (DDT), dieid- 
rin, heptachlor epoxide, polychlorinated biphenyls (PCBs), 
and dioxin (27,28). Again, data are far from comprehensive; 
however, they do show a decline in the concentrations of 
DDT and PCBs as a result of regulation. 

Despite their Limitations, available exposure and epi¬ 
demiologic data have served as the basis for a number of 
widely varying estimates of the proportion of human cancer 
in the U.S. population that can be attributed to life-style, 
occupational exposures, or other environmental pollution. 
These exercises have generated significant debate, as much 
over the underlying assumptions as the data used to gener¬ 
ate them (17,29-35). Unfortunately, various such estimates 
(ranging, for example, from 4% to >20% for occupational 
exposures) have been cited as a basis for setting priorities 
for public health protection. This approach ignores both the 
underlying uncertainties, the relative preventability of var¬ 
ious risk factors (26), and the disproportionate impact on 
some segments of the population. For example, once rec¬ 
ognized, most chemical pollutant hazards can be reduced 
or eliminated by practical means. Moreover, the involuntary 
nature of these exposures necessitates control at the source, 
in contrast to exposures related to life-style (e.g., diet and' 
smoking), which can be addressed more effectively through 
public education regarding personal behavioral choices. An¬ 
other inherent problem with the approach of estimates is that 
it obscures the much higher risks to certain subpopulations. 
For example, if the contribution of occupational carcinogens 
to all cancer deaths in the United States were as low as 3%, 
for male industrial workers as a group, workplace carcino¬ 
gens would account for at least 25% of all identified causes 
of cancer (22). 


Anotner tool mat nas been usea increasingly by regula¬ 
tory agencies to set priorities and even to determine accept¬ 
able levels of exposure to individual environmental contam¬ 
inants has been quantitative risk assessment. Here, also, the 
lack of good information on human exposure as well as the 
usual paucity of epidemiological data are compounded by 
uncertainties regarding the proper way to extrapolate from 
high to low dose and from experimental animals to hu¬ 
mans (27). To offset these uncertainties, the four major U.S. 
regulatory agencies, including the Environmental Protection 
Agency (EPA), the Occupational Safety and Health Admin¬ 
istration (OSHA), the Consumer Product Safety Commis¬ 
sion, and the Food and Drug Administration (FDA), have 
traditionally preferred conservative models that incorporate 
an assumption of low-dose linearity, regardless of the pre¬ 
sumed mechanism of action of the chemical carcinogen (19). 
However, in certain instances, these conservative models 
may underestimate cancer risk. For example, the widely ac¬ 
cepted linearized multistage model (25), considered to be 
one of the most conservative of the biologically plausible 
risk-assessment models, works on the assumption that the ex¬ 
posed population is of uniform susceptibility and that interac¬ 
tions do not occur between chemical exposures and other risk 
factors. Yet significant intraindividual variability has been 
demonstrated for human metabolism and binding of drugs 
and carcinogens (39-45) as well as for repair of DNA dam¬ 
age (46). Moreover, a number of epidemiological studies 
have demonstrated synergism between chemical exposures 
and host factors, such as cigarette smoking and air pollutants 
in the workplace and urban air (47,48). To further compli¬ 
cate the situation, although nonlinear (both superiinear and- 
sublinear) dose-response relationships have been observed 
experimentally and epidemiologically, the available data do 
not allow low-dose linearity to be ruled out in any of these 
cases (49). Given these uncertainties, it is reassuring that, in 
a number of cases, risks observed in humans have been con¬ 
sistent with those calculated from high-dose animal experi¬ 
ments with the use of models that incorporated linearity at 
low dose. These include benzene, ethylene dibromide (EDB), 
gasoline, asbestos, and ethylene oxide (50-56). Therefore, 
there is general agreement that the use of quantitative risk 
assessment, performed with appropriate and consistent as¬ 
sumptions and models, affords the possibility of comparing 
risks for the purpose of setting priorities among selected can¬ 
didates for regulation. However, most scientists do not view 
quantitative risk assessment as capable of providing precise 
estimates of human risk from individual chemicals; general 
sources of chemical exposures are considered even less likely 
candidates for risk estimation by this method. 


Human Exposure/Rodent Potency (KERP) Index 

Most recently, researchers at the University of Califor¬ 
nia at Berkeley and Lawrence Berkeley Laboratory have 
suggested still another approach to priority setting (2). 
They have calculated a possible hazard index for selected 
carcinogens by expressing the human exposure (in mil¬ 
ligrams/kilogram) as a percentage of the rodent TD 50 dose 
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(also in milligrams/kilogram)/ They have compared the re¬ 
sultant HERP indices for four pollutants found in drinking, 
water and indoor air, three man-made pesticides and other 
residues, 10 natural pesticides and dietary toxins, two food 
additives, five drugs, and two occupational exposures (see 
f able l). The authors conclude that man-made environmen- 
.1 pollutants, such as pesticide residues and contaminants 
m drinking water, are 'likely to be of minimal carcinogenic 
hazard" relative to the background of natural carcinogens 
(found largely in the diet). They recommend that regulatory 
agencies that traditionally have emphasized control of expo¬ 
sures to man-made or industrial carcinogens (in addition to 
those in the occupational setting) revise their priorities. 

The authors acknowledge several major limitations of the 
HERP system, such as the possibility of interspecies (rodent 
and human) variation in susceptibility to carcinogens and 
quantitative uncertainties regarding the general shape of the 
dose-response cup/e, including the possibility of synergistic 
effects and thresholds for nongenotoxic carcinogens, such as 
promoters {see discussion below). They caution that it would 
be a mistake to use the HERP index as a direct estimate of 
human hazard, but they conclude that the scale provides “a 
way of setting priorities for concern." 

Although this is an innovative approach, it suffers from 
several inherent flaws. First, as we will show in table 2, the 
results are influenced strongly by the selection of chemicals 
and whether one classifies them as “man-made" or “natural." 
The rationale for selection of the individual compounds in 
table l was not provided by the authors, but presumably it 
was dictated by the nature and availability of both exposure 
and rodent potency data. As mentioned, the rodent potency 
lata base is not comprehensive. For example, it omits a 
number of carcinogenic pesticides including alachlor, which 
is of current concern as a food contaminant (26) and has 
been found in water supply wells at significant concentrations 
{61). Certainly, the four selected drinking water and air 


■‘Here the TDj 0 is the average daily dose rate to halve the percent of 
tumor-free animals by the end of a standard lifetime (57). The average 
TD !0 is calculated by taking the harmonic mean of the TD J& s of the posi¬ 
tive tests in the most sensitive species. From each test, the target site with 
the lowest TD ;o value was used In general, the harmonic mean and the 
lov/est TD, 0 differ by a factor of ~2 (581 The source of TD J0 values is 
the Carcinogenic Potency Data Base (CPDB) (57-50). The data base is a 
compilation of results horn >3,500 experiments on 975 chemicals. It in¬ 
cludes results from the Carcinogenesis BioasSay Program of the National 
Cancer Institute/National Toxicology Program (through May of 1986) as 
well as studies published in the literature (through December of 1984). The 
data base is restricted to tests that meet very stringent methodologic crite¬ 
ria. Thus certain human carcinogens (such as asbestos and tobacco smoke) 
are excluded seven chemicals regarded by the International Agency for Re¬ 
search on Cancer (tARC) as having sufficient evidence of carcinogenicity in 
animals (cadmium chloride, cadmium sulfate, epichlorohydrin, gtycidalde- 
hyde. isosafroie. mestranole, and 2-nitropropane) are recorded in the CPDB 
as having only negative tests. The CPDB is a useful tool, but its limitations 
should be kept in mind 


Tabk 1. Possible carcinogenic hazards, as ranxed Dy Ames et ai. (’)• 
Possible 

hazard Carcinogenic exposure 

(HERP %) 


0.0002 
0 0003 
0.0004 
0.0002 

0.06 


0.003 

0.006 

0.003 

0.03 

0.03 

0.06 

0.07 

O.t 

0.1 

0.2 

0.008 

2.8 

4.7 

6.2 

1.3 


0.6 

0.004 

2.1 


0.001 
0.004 
0.0002 
0.0003 
0.008 


0.3 

5.6 

14 

16 

17 



Si an-modi chemicals in foods and beverages 

PCBs.* U.S. average daily dietary intake 
DDE/DDT.I average daily dietary intake 
EDB, average daily dietary intake from grains/grain products 
Furylfuramide in 2-fluorenamine, daily dietary intake before 
banning 

Saccharint in 12-oz diet cola 
Natural carcinogens in foods and beverages 

DMN in 100 g of cooked bacon 

DEN in 100 g of cooked bacon 

Urethane in 250 mL of sake 

Symphytine in l cup of comfrey herb tea 

Aflatoxin in 1 peanut butter sandwich 

DEN in dried squid, broiled in gas oven 

Ally! isothiocyanate in 5 g of brown mustard 

Estragole in l g of dried basil leaf 

Hydrazines in l raw mushroom 

Safrole in natural root beer, before ban 

DMN in 12-oz beer, before 1979 

Ethyl alcoholt in 12-oz beer 

Ethyl alcoholt in 250 mL of wine 

Comfrey root in comfrey-pepsin tablets. 9 daily 

Symphytine in comfrey-pepsin tablets, 9 daily 

Indoor air pollutants 

Formaldehyde in conventional home air, 14 hr/day 
Benzene in conventional home air, 14 hr/day 
Formaldehyde in mobile home air, 14 hr/day 

Water pollutants 

Chloroform t in Up water, l L U.S. average 
Tetrachioroethylenet in well water, 1 L, highly contaminated 
Chloroform t in well water, 1 L, contaminated 
Tetrachioroethylenet in well water, l L, contaminated 
Chloroformt in average swimming pool, l hr 

Drugs 

Phenacerin, average dose 
Metronidazole, therapeutic dose 
Isoniazid, prophylactic dose 
Phenobarbitai, t sleeping pill 
Clofibrate,t average daily dose 

Occupational exposure 

Formaldehyde, worker’s average daily exposure 

EDB. worker’s daily intake, high exposure__ 


• DMN = iV-nitrosodimethyiamine, and DEN = iV-nitrosodiethylamine. 
t Carcinogens characterized by Ames et al. as nongenotoxic and likely to 
have thresholds. 


.pollutants and the pesticides listed cannot represent the large 
number of industrial chemicals and pesticides that have been 
detected frequently in the U.S. drinking water, air, and food 
supply and that also have evidence of carcinogenicity in 
humans and/or laboratory animals {6Z63\ 

Moreover, although we are aware that there are many 
potential dietary hazards, the majority of which also are not 
well characterized (Z64), the 10 natural dietary carcinogens 
in table l include a number of exotic foods to which the 
U.S. general popuiadon has limited exposure (sake, comfrey 
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herb tea, dried squid, brown mustard, and comfrey-pepsin 
tablets). Therefore, comparisons between “(drinking i L of 
water containing average concentrations of chloroform and 
eating a daily serving of dried squid ignore tjje fact that the 
average American adult ingests an estimated 2 L or more of 
water a day (65) 5 and rarely, if ever, eats dried squid. 

An additional problem is that several “natural pesticides 
and dietary toxins" in table 1 are misciassified in that they 
can result from harvesting, manufacturing, or cooking pro¬ 
cesses and therefore cannot be considered to be strictly 
natural. For example, aflatoxin in nuts and grains is par- 
daily, attributable to improper harvesting and storage pro¬ 
cedures, whereas, as the authors acknowledge, nitrosamines 
are formed in cured meats through the reaction of secondary 
amines with nitrites added as preservatives. Carcinogenic 
nitropyrenes and nitrosamines occur in browned or burned 
meats as a result of cooking with gas flames that generate 
NO : (2). 

Moreover, a number of natural substances or food addi¬ 
tives in table 1 have been banned (safrole in natural root 
beer and AF-2, a Japanese food additive never used in the 
United States) (67), so that there is no current exposure to the 
U.S. population. Several of the environmental pollutants have 
been regulated (chloroform, PCBs, and EDB) or even banned 
(DDT), so that postregulatory exposures (and HERPs) are 
predictably low, testifying to the effectiveness of regulation. 

A second major limitation of the approach of Ames et al. 
derives from the fact that, as can be seen in table i, varying 
exposure indices were used. For waterborne and airborne 
contaminants, daily exposure was calculated; for pesticides 
and other residues in food, daily average dietary intake was 
provided; for “natural” carcinogens in food, one serving was 
assumed to occur daily; for food additives and drugs, several 
different measures were used. 

To illustrate the effect of chemical selection and of as¬ 
sumptions regarding levels of exposure, we have constructed 
table 2; it includes all of the chemicais/exposures in ta¬ 
ble 1, except for those dietary constituents not widely con¬ 
sumed in the United States and those that have been banned 
and have no current U.S. exposure. We have also omitted 
drugs because exposure is generally of short duration; drugs 
are a special case because they are prescribed when ben¬ 
efits are thought to outweigh risks to the individual. Fi¬ 
nally, we have included in table 2 several chemicals or 
sources of exposure that are encountered commonly by 
the U.S. population and for which rodent potency (58-60) 
and exposure data are available. Unfortunately, in several 
cases environmental chemicals of concern were in the ro¬ 
dent potency data base, but we could not find reliable ex¬ 
posure data for specific media. This was true for dioxin or 
2,3,7,8-tetrachiorodiibenzo-p-dioxin (TCDD). However, ac¬ 
cording to the EPA, a crude estimate of total daily intake of 


s ln fact, the results of a recent water consumption survey show that for 
5% of adults 20-64 yr old. the average daily consumption of tap water is 
2.71 L/day, whereas the average daily total water intake is 3.79 L (66). 
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dioxin by sizeable segments of industrialized populations is 
1 pg/kg (25), which corresponds to a HERP of 0.004. 

■ To avoid the problems of inconsistent exposure indices, we 
have adopted in table 2 the standard approach of uniformly 
providing average daily dose to the U.S. adult. We recognize 
both the uncertainties in available exposure data (143) and 
the fact that the average estimates mask wide interindividuai 
variation in exposure depending on geographical, cultural, 
economic, social, and host factors. For example, a child's 
exposure to pollutants in drinking water is proportionally 
greater than exposure of the adult, because children ingest an 
estimated l L of water per 10 kg of body weight compared 
with 2 L or more per 70 kg of body weight for the adult 
(65). Children may also consume more of a contaminated 
food than adults. In the case of the pesticide daminozide, 
the daily dose to the U.S. child (1-6 yr) from consumption 
of apples, apple juice, and peanut butter is from fivefold to 
15-fold higher than the daily dose to the U.S. adult (70.71.) 

Thus, there are obvious drawbacks to using each of the 
possible exposure indices (average, worst case, general pop¬ 
ulation, or sensitive subpopulation). However, it is imperative 
in making comparisons that the same measure of exposure 
be used consistently. This is demonstrated by table 3 in which 
we compared HERPs from tables 1 and 2 for the same com¬ 
pound. . 

As mentioned above, postregulatory exposures (and 
HERPs) for environmental carcinogens such as DDT/DDE 
(1,1 -dichIoro-2,2'-bis(p-chlorophenyi)ethylene) are low. 
Therefore, in a number of cases we have included preregu- 
latory and postregulatory values for purposes of comparison. 

Unfortunately, any listing of chemicals such as in tables 
1-3 cannot convey the reality of cumulative exposures to 
different carcinogens in the same medium. Also, it does 
not reflect the possibility of interactions among them or the 
need to consider exposures to the same chemical via several 
different media. For example, the individual has exposure to 
synthetic volatile organic compounds in the drinking water 
from ingestion, from dermal absorption while bathing or 
showering, and from inhalation of the volatilized compound 
(144). Humans may be exposed concurrently to the same 
carcinogenic substance via a number of different sources and 
media. For example, in considering the risk of EDB in grain, 
the New York Department of Health reasonably chose to 
sum the potential risks of the pesticide in food, ambient air 
(from use of unleaded gas), and drinking water (145). 

Finally, an important distinction not conveyed by either 
table 1 or table 2 is that between voluntary and involuntary 
exposure. As discussed in the- introduction, individuals are 
capable-of voluntarily.reducing exposure to substances in diet 
and cigarette smoke that have been identified as carcinogenic 
hazards. By contrast, individuals cannot feasibly control their 
exposure to air, water, and workplace pollution. 

In tables 2 and 3, we have attempted to demonstrate the 
susceptibility of the HERP system (or any such simplified 
approach) to the effects of selection of both chemicals and 
exposure estimates. As is clear from table 3, the differences 
between tables 1 and 2 are largely because of these two 
factors. In contrast to that of Ames et al. (2), our approach, 
incorporating a representative set of exposures to the U.S. 
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Table 2. Ranking possible carcinogenic hazards wiih the 

use of the methodology of Ames et al. (2)* 


Possible 

hazard 

CHERP ft) 

Carcinogenic 

exposure 

Average daily 
carcinogen dose 
(70-kg adult) 

Potency of 
carcinogen 

TD 50 (mg/kg) 

Comment' 

0.02 

Man-made chemicals in foods/beverages 

D<;minozide in treated apples and apple juice (1987) 20 Mg 

1.2 

(n 

0.002 

D 2 :minozide in peanuts and peanut butter (1987) 

1.9 Mg 

. 1.2 

(U 

0.03 

DBCP tn treated carrots (preregulatory. 1976) 

5.i Mg 

' 0.24 

(2) 

0.003 

DDT. DDD. and DDE in food (preregulatory. 

29.0 Mg 

13 

(3) 

0.0003 

1968*1969) 

DDT. DDD. and DDE in food (postregulatory. 

2.3 Mg 

13 

(3) 

0.002 

(1980-1982) 

Dieldrin in food (preregulatory, 1968-1969) 

L5 Mg 

l.l 

(4) 

0.001 

Dieldrin in food (postregulatory. 1980-1982) 

Li Mg 

1.1 

(4) 

0.004 

EDB in treated apples (preregulatory) 

4-1 Mg 

1.5 

(5) 

0.0004 

EDB in grain products (preregulatory, 1983) 

0.42 Mg 

1.5 

(5) 

0.01 

PCBs in food (preregulatory, 1971) 

15 Mg 

1.7 

(6) 

0.0002 

PCBs in food (postregulatory, 1980-1982) 

0.2 Mg 

1.7 

(6) 

0.003 

Sodium saccharin in diet soda (1977-1978) 

4.9 ng 

2.100 

(7) 

0.003 

Natural carcinogens in foods and beverages 

AHatoxins in peanuts and peanut butter (1977) 5.8 ng 

0.0026 

(8) 

<0.0001 

Estragole in basil 

<3.8 Mg 

52 

(9) 

1.6 

Ethyl alcohol in beer (1981) 

10.2 g 

9.100 

(10) 

0.4 

Ethyl alcohol in wine (1981) 

2.7 g 

9.100 

(10) 

1.3 

Ethyl alcohol in hard liquor (1981) 

8.1 g 

9,100 

(10) 

. 0.01 

Hydrazines in mushrooms (1977) 

0.16 g 

20,000 

(ID 

0.001 

DMN in cured meat and bacon (1980) 

0.12 Mg 

0.16 

(12) 

0.002 

DEN in cured meat and bacon (1980) 

0.034 Mg 

0.021 

(12) 

0.03 

Ambient air pollutants 

Benzene (Los Angeles, preregulatory, 1968) - t.O mg 

53 

(13) 

0.009 

Benzene (Los Angeles, postregulatory, 1984) 

0.32 mg 

53 

(13) 

0,0005 

Carbon tetrachloride (U.S. urban and surburban 

48 Mg 

140 

(14) 

0.0004 

areas, 1973-1974) 

Carbon tetrachloride (U.S. urban areas, 1980) 

42 Mg 

140 

(14) 

0.0002 

DDT (U.S. rural areas, preregulatory, 1972) 

2.0 Mg 

13 

(15) 

0.00003 

DDT (U.S. rural areas, postregulatory, 1974) 

0.24 Mg 

13 

(15) 

0.004 

EDB (U-S. urban areas, 1980-1981) 

4.3 Mg 

1.5 

(16) 

1.8 

Formaldehyde (Los Angeles, 1966) ' 

L9 mg 

1.5 

(17) 

0.4 

Formaldehyde (Los Angeles, 1979) 

370 Mg 

\S 

(17) 

0.002 

PCBs (U.S. suburban areas, preregulatory, 1975) 

2 Mg 

1.7 

(18) 

0.0001 

PCBs (U.S. urban areas, postregulatory, 1979) 

150 ng 

1.7 

(18) 

0.003 

Tetrachloroethylene (Bayonne, NJ, 1973) 

220 Mg 

100 

(19) 

0.001 

Tetrachloroethylene (Bayonne, NJ, 1983) 

92 Mg 

100 

(19) 

0.001 

Toxaphene (U.S. rural areas, 1972) 

5 2 Mg 

5.8 

(20) 

0.005 

Indoor air pollutants 

Benzene (personal average. New Jersey, 1981) 173 Mg 

53 

(21) 

0.0002 

Carbon tetrachloride (personal average. New Jersey, 

16.2 Mg 

140 

(22) 

0.01 

1981) 

Chlordane (average in treated homes, 1976-1982) 

20.5 Mg 

2.4 

(23) 

0.6 

Formaldehyde in conventional homes (average of 

600 M g 

1-5 

(24) 

2.1 

all reported U.S. data) 

Formaldehyde in mobile homes (U.S. average, 1984) 

22 mg 

1.5 

(24) 

0.02 

Heptachlor (average in treated homes, 1982) 

13.9 Mg 

1.2 

(25) 

0.001 

Tetrachloroethylene (personal average. New Jersey, 

80 Mg 

100 

(26) 

0.0001 

1981) 

Water pollutants 

■ Chlordane (Kansas City drinking water. 

0.14 Mg 

2.4 

(27) 

0.003 

preregulatory, 1965-1967) 

Chloroform (average VS. drinking water, 1976) 

- 170 Mg 

90 

(28) 

0.01 

DBCP (California, postregulatory, 1984) 

2.0 Mg 

0.24 

(29) 

0.007 

EDB (Florida, groundwater, 1983) 

7.8 Mg 

IJ 

(30) 

0.03 

Heptachlor (South Carolina rural drinking water. 

24 Mg 

\2 

(31) 

0.0003 

preregulatory, 1977) 

PCBs (U.S. surface water, preregulatory, 

0.4 Mg 

1.7 

. (32) 

0.0002 

1971-1974) 

Tetrachloroethylene (New Jersey water supplies. 

12 Mg 

100 

(33) 

0.00002 

1985) 

TCE (U.S. water supplies, 1985) 

14 Mg 

940 

(34) 

0.0002 

Vinylidine chloride (New Jersey water supplies. 

4 Mg 

24 

(35) 


1985) 
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TaWe 2. Continued 


Possible 
hazard 
r(HERP %) 


Carcinogenic 

exposure 


Average daiiy Potency of 

carcinogen dose carcinogen 

(70-kg adult) TD 50 (mg/kg) 


Comment* 


Occupational exposures 


32.3 ISenzene Grubber industry, preregulatory, 1942) 

0 06 I3enzene (rubber industry, postregulatory, 1980s) 

105.0 Formaldehyde (resin and paper manufacture. I960 

3.0 Formaldehyde (resin and piasne manufacture. 1980s) 

6.2 TCE (small factories, preregulatory, 1940s) 

0.2 TCE (postregulatory, 1980s) 


1.2 g 

53 

(36) 

2.4 mg 

53 

(36) 

10 mg 

1.5 

(37) 

3.2 mg 

1.5 

(37) 

<•1 S 

940 

(38) 

O.t g 

940 

(38) 




•The'selection of chemicals and the estimates of exposure differ somewhat from those in Ames et a!., as described in the text. To calculate average daily 
dose over an individual lifetime, we assumed; a) food consumption according to nationwide surveys; b) water consumption: 2 L/dav; c> ambient air- 
inhalation of 20.000 L/day, d) indoor air inhalation of 10.800 L/U-hr day; e> workplace air inhalation of 9,600 L/day, 5 days/wk 50 wk/yr 40/70 vr 
(i.e.. 3.768 L/day over an average lifetime) (68), For carcinogens listed as ambient and indoor air pollutants, the respective HERPs cannot be considered 
additive, since the 20.000 L/day may include both types of exposure. We also calculated exposure for a 70-kg male adult, although a 60-kg adult is more 
reasonable (69). When only a range of values was reported in the literature, their geometric mean was used as the average exposure The HERP is derived 
by dividing the daily carcinogen dose by 70 kg to provide a milligram-per-kiiogram value, which is then given as the percentage of the TDv, dose in the 
rodent (also in mg/kg). 

appendix for comments. 


TaWe 3. Compari'ion of possible carcinogenic hazards (HERPs) 
as estimated by Ames et al. and with the use of average 
exposure estimatesM 


Carcinogenic 

exposure 


Ames et ai. estimate 


Average Worst-case 
exposure exposure 


Our estimate, 
average 
exposure 


Man-muuk chemicals in foods and beverages 


DDE/DDT in food 




Preregulatory 

— 

— 

0.003 

Postregulatory 

0.0003 

— 

0.0002 

EDB in grains 

PCBs in food 

0.0004 

— 

0.0004 

Preregulatory 


— 

0.01 

Postregulatory 

0.0002 

— 

0.0002 

Sodium saccharin in did sodas 

— 

0.06 

0.003 

Natural carcinogens in foods and beverages 


Aflatoxins in peanuts and 

— 

0.03 

0.003 

peanut butter 

DMN in cured meat and bacon 


0.003 

0.001 

DEN in cured meat and bacon 

— 

0.006 

0.002 

Estragole in basil 

_ 

0.1 

< 0.0001 

Ethyl alcohol in beer 

— 

2.8 

1.6 

Ethyl alcohol in wine 

— 

4.7 

0.4 

Hydrazines in mushrooms 

— 

0.1 

0.0 i 

Ambient air pollutants 


Formaldehyde in conventional 

0.6 

_ 

0.6 

home air 

Formaldehyde in mobile home 

2.1 

_ 

2.1 

air 




Water pollutants 



Chloroform in water 

0.001 

_ 

0.003 

Tetrachlorocthylene in water 

— 

0.0003 

0 . 0002 1 

TCE in water 

— 

0.004 

0 . 00002 § 

Occupational exposures 


Formaldehyde in workplace 

5.8 

— 

3.0 


air 


’DMN = A^-nitrosodfmethyiamme, DEN = N-nitrosodiethylamine, and 
TCE = trichloroethylene. 

tSa t tables l and 2 for details on daily carcinogenic dose and TDjo- 
t Worst-case assumption: HERP % = 0.007. 

§ Worn-case assumption: HERP % = 0.1. 


population, shows that the selected man-made or industrial 
pollutants generally are comparable in terms of HERP scale 
to naturally occurring carcinogens in the diet Because of the 
limitations in the HERP approach, however, we stress that 
regulatory agencies would be unwise to base public health 
policies principally on comparisons such as these. 

Finally, Ames et al. (2) asserted that nine of the 26 car¬ 
cinogens listed in table 1 “are thought to be nongenotoxic” 
and are therefore likely to have nonlinear dose-response 
curves or a decreased risk at lower dose. This subject has 
been discussed frequently (146-149). The general consen¬ 
sus on the part of regulatory agencies and expert groups 
has been that such policy distinctions are premature be¬ 
cause they are supported inadequately by scientific data 
C 19,63,147.150,151). 

There are few, if any, clear-cut promoters and initia¬ 
tors; rather, there is evidence that under different condi¬ 
tions the same carcinogen can operate as a complete car¬ 
cinogen, an initiator, or a promoter (147). For example, 
TCDD has demonstrated the ability to act both as a com¬ 
plete carcinogen and a promoter (152-155). It is just as 
difficult to distinguish between genotoxic and nongenotoxic 
agents because in most cases short-term tests for genetic 
toxicity have generated a mixture of positive and negative 
results. This phenomenon has been observed with a vari¬ 
ety of chemicals regarded up to this time as model “epi¬ 
genetic, late stage" carcinogens: asbestos, the phorbol es¬ 
ter l2-0-tetradecanoylphorboM3-acetate, diethyistiibestroi, 
and DDT. These compounds have induced a variety of ge¬ 
netic effects, either indirectly or directly, in experimental sys¬ 
tems or in humans (149). 

The nine so-called nongenotoxic carcinogens in table l 
illustrate the difficulty of making such categorical distinc¬ 
tions. Although in most instances the majority of short-term 
test results have been negative, each of the compounds (with 
the exception of clofibrate) has tested positive in at least one 
assay for each of several different genetic toxicity end points 
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(I56). 6 For eight of the nine chemicals, aitnougn tne evi¬ 
dence of genetic toxic effects is generally limited, it cannot 
be dismissed. Therefore, it is not possible to conclude defini¬ 
tively that these are nongenotoxic carcinogens that do not 
act at some stage and under some conditions, either directly 
or indirectly, by damaging the genetic material. Viewed in a 
larger context, the proposed distinction among carcinogens 
on the basis of presumed mechanism or stage at which they 
act is belied by the observation that control of late-stage 
carcinogens that may not be genotoxic may lead to the most 
rapid reduction in risk, as has been seen with postmenopausal 
estrogen therapy and cigarette smoking (158). 

In summary, there is no question that both occupational 
and food carcinogens are real concerns. However, while the 
hazards of the workplace are relatively well characterized 
(6<3), there is dearly a need for more research on dietary 
carcinogens. At the same time, there is evidence from epi¬ 
demiologic, experimental, and monitoring sources that the 
cumulative risks of environmental pollution are important. 
Despite its limitations, the HERP analysis for a selection of 
exposures prevalent in the U.S. environment tends to support 
this conclusion., Although it is not possible to estimate the 
magnitude of these risks with certainty, it is prudent to con- 


6 As summarized by the LARC, chloroform has been positive in only one of 
many assays for gene mutation in bacteria and has been largely negative in 
other systems used. However, it has tested positive in lower eukaryotic sys¬ 
tems (inducing differential toxic effects in DNA repair-deficient strains, gene 
conversion, and/or recombination and reverse mutation). Trichloroethylene 
has been positive in a number of assays. It has induced genetic toxic ef¬ 
fects in bacteria (mutation), in yeast (gene conversion or recombination and 
mutation), in Tradescantia (mutation), in rodent cells (transformation), in hu¬ 
man cells in vitro (unscheduled DNA synthesis (UDS) and sister chromatid 
exchanges (SCEs)]„ in animals in vitro (DNA damage), and in animal cells 
in vivo (mutation and micronuclei). Tetrachloroethyiene, PCBs, and DDT 
have been largely negative in assays for genetic toxic effects; however, for 
tetrachloroethyiene there have been positive results in yeast (recombination 
or gene conversion), in Traaescanna (mutation), and in animal cells (trans¬ 
formation and DNA damage). PCBs have induced DNA damage in animal 
cells in vitro and UDS in rat primary hepatocytes. DDT has been positive 
in insect systems (dominant lethal mutation and aneupioidy), animal cells 
in vitro (chromosome aberrations), and animal cells in vivo (chromosome 
aberrations and dominant lethal mutation). Ethyl alcohol has been studied 
extensively; a significant number of positive results were found. Evidence 
of genetic toxic effects includes gene conversion or recombination, muta¬ 
tion, and aneupioidy in lower eukaryotic systems; SCE, micronuclei, and 
chromosome aberrations in plant systems; SCE, chromosome aberrations, 
and aneupioidy in animal cells in vitro; SCE, chromosome aberrations, mi- 
cronuciei. dominant lethal mutations, and aneupioidy in animal cells in vivo; 
and SCE and chromosome aberrations in human cells in vivo. Alcoholism 
is associated with increased incidence of chromosome aberrations (157). 
For phenobarbitoL the preponderance of results has been negative. How¬ 
ever, there is evidence for the induction of gene mutation in bacteria and 
aneupioidy in yeast; gene mutation, SCE, and chromosome aberrations in 
rodent cells in vitro: cell transformation in rodent cells; as well as gene mu¬ 
tation and chromosome aberrations in human cells in vitro. Clofibrate has 
only been tested in two assays, both of which were negative. Finally, sodium 
saccharin has evidence of genetic toxic effects in lower eukaryotic systems 
(gene conversion or i-ecombination and mutation), in insects (muunonX in 
animal and human cells in vitro (SCE and chromosome aberrations), and in 
animals in vivo (SCE* and mutation). 


unue to rcuuce invoiunury ca me 
dramatic decrease in estimated cancer risk following regula¬ 
tion of a number of industrial chemicals illustrates this point 
Controlling exposures to carcinogens such as those listed in 
table 2 has important side benefits in that many carcinogens 
are mutagenic, teratogenic, reproductive, or neurological tox¬ 
icants (36). 

V 
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The acceptability of cancer risk requires consideration 
of factors that extend beyond mere numerical repre¬ 
sentations, such as either individual lifetime risk in 
excess of background and excess incidence. Recently, 
use of these numbers has been tempered by the addi¬ 
tion of qualitative weights-of-evidence that describe 
the degree of support provided by animal and epide¬ 
miologic results. Nevertheless, many other factors, 
most of winch are not quantitative, require incorpora¬ 
tion but remain neglected by the analyst eager to use 
quantitative results. 

In this paper we show that simple risk measures are 
often fraught with problems. Moreover, these mea¬ 
sures do not incorporate the very essence of accept¬ 
ability, which includes notions of responsibility, ac¬ 
countability, equity, and procedural legitimacy, 
among others. We link the process of risk assessment 
to those legal and regulatory standards that shape it. 
These standards are among the principal means to 
resolve risk-related disputes and to enhance the bal¬ 
ancing of competing interests when science and law 
meet on uncertain and often conjectural ground. 

We conclude the paper with a proposal for the port¬ 
folio approach to manage cancer risks and to deal with 
uncertain scientific information. This approach leads 
to the concept of “provisional acceptability,” which 
reflects the choices available to the decisionmaker, 
and the trade-offs inherent to such choices. 


Agencies, industry, and the public demand clear standards 
forjudging the acceptability of risks. Numerical values could 
reduce debate and ambiguity, clarify the responsibilities of 
businesses, and provide data for regulatory, judicial, and 
legislative deliberations. 1 ’ 2 

Recognizing that a single risk level is not appropriate in all 
contexts, it is tempting to propose specific numerical “ac- 
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ceptability” values for different classes of risks. 3 For exam¬ 
ple, the average acceptable excess individual lifetime fatality 
probability of cancer from occupational exposures (assum¬ 
ing full disclosure and informed consent) might be set at 1 X 
10~ 4 , A level of 1. X 10~ 6 could be defined as acceptable for 
the general public experiencing involuntary exposures. A 
much higher risk level, such as 1 X 10~ 3 , might be appropri¬ 
ate for sales of inherently dangerous products to fully in¬ 
formed, willing customers. Aggregate incidence could be ac¬ 
ceptable if it were less than some value, for example, unity. 
However, even such a range of numbers over different con¬ 
texts is neither conceptually adequate nor sufficient as a 
basis for responsible decisionmaking. 

Whether a risk is “acceptable” generally depends not only 
on its objective quantitative probability and the nature and 
severity of the consequences, but also on societal and politi¬ 
cal factors. Single numerical estimates of individual and 
population risks do not incorporate those qualitative aspects 
of risk. Protection of individual rights, the equity of risk- 
benefit distribution, prudence when facing uncertainty, the 
absence of knowledge, the legitimacy of the risk manage¬ 
ment process, and public attitudes toward and perceptions 
of risks do not lend themselves well to bare numerical repre¬ 
sentations. 4 

This paper examines these issues, assesses some current 
approaches to social and legal risk management, and pro¬ 
poses a risk-portfolio approach in which risk acceptability is 
an evolving concept. We begin with three concepts of risk. 

Individual and Population Risks 

Two related concepts are useful in describing risk to an 
individual: the total risk to an individual of a particular 
adverse health consequence, such as cancer; and the concept 
of an attributable risk describing the incremental contribu¬ 
tion to total risk made by a particular source or cause (e.g., 
the contribution made by cigarette smoking to the risk of 
lung cancer). Finally, we discuss population risk , in which 
individual risk is aggregated over the population at risk. 

Total Individual Risk 

The total risk to an individual of developing some undesir¬ 
able health response, such as death from cancer, may be 
defined as the probability that he will develop the response 
in a given year t, if he has survived until then. This probabili¬ 
ty is also called the individual’s discrete time “hazard rate” 
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for the response in year t. Hazard rates can be used to 
calculate probabilities of cause-specific deaths or illnesses, 
to derive survival time probability distributions, and to 
quantify total risks over time. 5 * 6 Individual hazard rates for 
chronic health effects typically depend on the exogenous 
factors to which an individual has been exposed, including 
the extent of exposure to a particular chemical or radiation. 
Endogenous factors such as the efficiency of the body’s re¬ 
pair mechanisms, genetic predisposition toward response, 
and so forth, may also affect individual hazard functions. 
Endogenous factors mediating between exposures and 
health responses usually vary widely across individuals and 
often cannot be observed. Thus, individual responses to spe¬ 
cific exposures are quite heterogeneous. Even if an individ¬ 
ual knew his own exposure history to a chemical, he would 
generally remain uncertain about his 'Own future hazard 
function, and hence, about his probability of adverse re¬ 
sponse. 

A probl em often overlooked in discussing risk numbers is 
that interpreting them in terms of expected annual frequen¬ 
cies, or average times until occurrence, can be misleading. 
For example, a leukemia hazard rate from exposure to ben¬ 
zene in the workplace of one expected excess case per million 
person-years of exposure does not imply that the probability 
of a randomly selected worker developing cancer from a year 
of exposure is 1 X 10~ 6 . For any individual, it is considerably 
more likely than not that the actual waiting time to the First 
arrival will be less than the average (or “expected”) waiting 
time. 5 The probability that a randomly selected individual 
will develop cancer from a year of exposure is actually 6.3 X 
10” 5 . The actual individual risk may thus exceed what was 
believed to be acceptable under a simple regulatory scheme 
that requires acceptable exposure to be determined from an 
average risk of, say, 1 X 10“ 6 . 

Attributable Risk 

In practical risk assessment and management, the prob¬ 
lem is not how to estimate an individual’s total risk of some 
health response, but how to estimate the incremental contri¬ 
bution to his risk made by some particular cause or source. 
This is the risk that is said to be attributable to the source. 6 ’ 7 
Few concepts in risk analysis have occasioned as much per¬ 
plexity and debate as that of the risk attributable to a 
source. 8 - 6 

One elementary model that can clarify the meaning of 
attributability postulates that each source of risk “com¬ 
petes” with, other sources to be the first to cause an adverse 
response. Suppose that N sources contribute to the risk in an 
individual. Each source can be thought of as firing a random 
stream of biologically effective molecules that cause “hits” 
in the exposed individual. The average arrival rate or inten¬ 
sity of hits from source i at time t is the source’s hazard rate 
at time t, denoted by hi(t). If the N potential sources of a 
health effect are statistically independent so that the arrival 
rate of hits from one source is unaffected by the presence of 
other sources, then the total risk to the individual at time t 
from all sources is given by the sum h(t) = hi(t) +... + h n (t). 
Since any ijource i will contribute the fraction hi/h(t) of all 
expected hits per unit time at time £, this ratio equals the 
probability that source i contributed the hit that caused the 
observed health response, and h t {t) is the risk attributable to 
source i at time t. 

This “competing risk” definition of attributable risk is 
satisfactory only when the random arrival model correctly 
represents the nature of causation. For example, suppose 
that occurrence of a health effect depends on whether the 
total number of hits received from all sources within a cer¬ 
tain amount of time exceeds a certain threshold. Then, if a 
response occurs, it cannot even in principle be ascribed to 
any single source. 10 Similarly, if the presence of factor A 
doubles the hazard rate from factor B, then a hit from B may 
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be partly blamed on A. In such cases of joint and multiple 
causation, assignment of shares of causation to the different 
■ contributing sources is as much a matter of policy as one of 
science. 8 ' 10 

Population Risk 

Individual risks are not sufficient to determine the effect 
that a risk management choice can have on those at risk. The 
full impact of a choice can only be evaluated by looking at 
the distribution of effects in the affected population as a 
whole. 

If the population at risk consists of several “types” of 
individuals, with each type corresponding to a homogenous 
subpopulation of individuals having identical hazard func¬ 
tions for death from cancer, then in each homogenous sub¬ 
population the amounts of time (number of life-years) that 
the members have left until death will be statistically inde¬ 
pendent, identically distributed random variables. At any 
time, the total number of remaining life-years in the popula¬ 
tion, summed over all the individuals now in it, will be 
approximately normally distributed, with mean and vari¬ 
ance equal to the sums of the means and variances, respec¬ 
tively, of the remaining life-years in each subpopulation. 
The problem of evaluating population risk in large popula¬ 
tions can thus be reduced to the problem of evaluating nor¬ 
mal distributions for the attribute “remaining life-years in 
the population.” This is a standard decision-analytic prob¬ 
lem. 11-13 

If an individual considers himself to be a randomly select¬ 
ed member of the population, then his individual risk is the 
expected value of the risks for all individuals in the popula¬ 
tion. There is a paradox: if two different population risk 
distributions have identical means, then every individual 
should be indifferent among them (based on his own expect¬ 
ed risk). But the distributions may not be equally desirable 
from a societal perspective. In fact, a variety of different 
distributions of risks and uncertainties can occur at the 
population level. It is not the expected number of occur¬ 
rences per million person-years of exposure in the whole 
population that counts in determining equity, but the way 
this risk density is distributed among identifiable subgroups 
of the population. Consider choosing among the following 
situations: 10 

Case A (Uniform population risk): Each of 100 people 
independently is exposed to a 0.01 chance of disease. 

Case B (Anonymous sensitive subpopulation): 10 of the 
100 people are exposed to a 0.10 chance of disease. The rest 
have a zero chance of disease. Now one knows which type he 
is unless and until he gets the disease. 

Case C (Known high risk population): 50 of the 100 people 
(e.g., neighbors living within a certain distance of an indus¬ 
trial facility) are at high risk and know it. Each of these 
individuals has a 0.02 probability of disease; the remaining 
50 people have zero risk. 

Case D (Uncertain individual risk): Each individual has a 
random probability, independently drawn from a uniform 
distribution between 0 and 0.02, of getting the disease. 

Case E (Uncertain population risk): Each individual in¬ 
dependently has the same probability of getting the disease. 
The magnitude of this probability is uncertain; however, it is 
judged equally likely to be anywhere between 0 and 0.02. 

Imagine trying to rank these situations in terms of relative 
social desirability. Simply using the expected number of 
casualties as a summary of population risk results in the 
same assessment of risk (one expected case) for all of these 
examples. Aggregating risk obscures uncertainties, hetero¬ 
geneities, and inequities. The five cases involve important 
trade-offs: between number of people exposed and magni- 
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tude of exp Of sure per person, between certain and uncertain 
risks, and between equitably and inequitably distributed 
risks. 

The concepts of individual and aggregate risks are quanti¬ 
tative expressions that, at best, summarize all relevant bio¬ 
logical information. However important these concepts are, 
there are other social and ethical dimensions that also con¬ 
tribute to risk acceptability. For example, what constitutes 
an acceptable^ risk for one person to offer to another depends 
on both rights (e.g., the right of free choice to assume an 
otherwise “unacceptable” risk) and duties (e.g., the legal 
duty not to endanger others even with their consent). 

Acceptability also depends on the responsibilities that 
acceptance entails. For example, an informed cancer pa¬ 
tient, cognizant of the risks and uncertainties associated 
with a new, unlicensed chemotherapeutic drug, might con¬ 
sider its administration personally acceptable but not ac¬ 
ceptable to administer to someone else. At the other ex¬ 
treme, the social decisionmaker faces accountability: if she 
regulates the specific risk by selecting a specific option, but 
other unknown risks eventually result from her choice, even 
though she may not have been responsible for those risks, 
she may be held socially accountable for them. The next 
section explores these concepts. 

Attitudes To ward Risk 

The issue of voluntary acceptance underlies many debates 
about acceptability in the context of making decisions about 
risks. In a society that values individual choice, a risk that an 
individual is ivilling to take for himself may be acceptable, 
even though, a quantitatively similar risk imposed by anoth¬ 
er is not. 

The concept of voluntary' acceptance of risks has several 
important components. First, there are gradations of “vol- 
luntariness.” A truly voluntary activity is one that an indi¬ 
vidual is free imd able to reject without penalty, that he can 
control while undertaking, and whose risks are fully known 
or easily discoverable. Less clearly voluntary are activities 
that an individual is intially free to reject without penalty, 
but over which he loses some control over time. Drinking, 
smoking, and other addictive activities are examples. Volun¬ 
tariness may be further compromised when advertisements 
and deliberate inducements play a major role in the initial 
decision to participate in the activity. 14 

The appe*irance of controllability also plays a large role in 
individual judjgments of risk acceptability. So does the belief 
that a truly free choice requires participants to have full 
information about what is being chosen. Right-to-know, 
need-to-know, and duty-to-warn legislation, as well as prin¬ 
ciples goverrdng “adhesion” contracts, make clear the notion 
that lack of information about the risks in an economic 
transaction undermines one’s consent to accept risk. 

Individual perceptions and preferences regarding risks 
can be fragile, changeable, overly sensitive to initial impres¬ 
sions, and unreliable. This raises crucial questions for poli¬ 
cymakers. Whim public perceptions and statistical realities 
conflict, is it the decisionmaker’s duty to represent the views 
and preferences of members of society, or to protect what he 
considers to be in their true interests? How can a line be 
drawn between responsibility and paternalism when public 
preferences appear to be based on inaccurate perceptions? 
Does the judgment that a population risk is acceptable apply 
to the median, the average, the most highly susceptible, or 
the most risk-a verse individual in the population? 

In practice, the distribution of risks and risk perceptions 
within the population at risk is often left unexplored. In¬ 
stead, the indmdual risk to the maximally exposed individ¬ 
ual is given special attention by regulatory agencies. The 
assumption is that if risk to the maximally exposed individ¬ 
ual is acceptably small, then the risk to the entire population 
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is plausibly also acceptable. However, as discussed above, 
this view is suspect: population risk and individual risk 
should be assessed separately. For example, a maximally 
exposed adult may have a hazard rate that is higher than a 
child’s, even though both are identically exposed to a partic¬ 
ular toxic chemical. 

In addition, the alternative concept of a “maximally 
threatened” individual is poorly defined. For example, who 
is more “threatened,” an individual whose hazard rate is 
increased from 0.01 to 0.02, or an individual whose hazard 
rate is increased from 0.02 to 0.03? The former faces 50 years 
of lost life expectancy (with it being considerably more likely 
than not that the loss will be greater than its expected value), 
while the latter faces only a 17 year reduction in life expec¬ 
tancy. On the other hand, with less expected life left, the 
second individual might be thought to suffer more for each 
additional expected year lost. 

Procedural Legitimacy 

Risk decisions usually involve numerous parties with con¬ 
flicting interests. Individuals may be considered to have 
accepted a risk “voluntarily’ if they “agree to” the decision¬ 
making process leading to it. Very often the perceived legiti¬ 
macy of that process depends on the degree to which the 
risk-bearing public could participate in regulatory decisions. 
The history of nuclear power and hazardous facility siting in 
this country illustrates the close connection between percep¬ 
tions of voluntary participation (or opportunity to partici¬ 
pate) in judging risk acceptability, the perceived legitimacy 
of regulatory processes, and the acceptability of risks. 14 - 15 

An individual may agree to abide by the results of a social 
decision process because she expects to gain from the process 
on average, even though she may lose from particular deci¬ 
sions. From this perspective, acceptability of each risky 
prospect is not the most relevant issue. Rather, the accept¬ 
ability and equity of the entire portfolio of risks, selected 
through the process over time, are what matter. 16 We will 
develop this theme by examining the regulatory and judicial 
process by which our society’s risk activity portfolio is large¬ 
ly determined in practice, with focus on its fairness when 
methods and results are at the frontiers of knowledge and 
when societal risks, economic costs, and benefits may be 
large. 

Ptrlvate Litigation 

Private litigation over environmental injuries have been 
standard fare for hundreds of years. William Aldred, to take 
one well known example, successfully sued his neighbor for 
damages on the ground that the neighbor’s pigsty “corrup¬ 
ted” the air and thereby prevented Aldred from living in his 
own home. 17 From these humble common law beginnings, 
courts and legislatures have developed a massive body of 
private law to compensate environmental injuries by award¬ 
ing damages and to prevent future injuries through both 
injunctive relief and the deterrent effect of potential damage 
awards. 

Although private litigation is no longer the principal 
means to regulate environmental injuries, it continues to 
play a potentially important role, especially with regard to 
its principal goals of compensation and deterrence. Private 
litigation is almost the sole means, other than first party 
insurance, to obtain monetary compensation for personal 
injuries and property damage, something that most regula¬ 
tory schemes fail to do (although they could). In addition, 
many regulatory schemes are not comprehensive in scope; 
the legislature and the agency have failed to regulate (or 
failed to regulate adequately) significant environmental 
problems. In these cases, private litigation could supplement 
or fill in the gaps in existing regulatory programs. 
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Finally, nuisance and other tort doctrines often allow 
plaintiffs to secure prompt injunctive relief, such as a tempo¬ 
rary restraining order, to prevent imminent injuries. A judge 
will grant relief after making an ad hoc balancing of the 
equities in the particular case. Under most regulatory 
schemes, by contrast, an injured or threatened citizen must 
first persuade a government official to seek injunctive relief 
from the court. 

Despite the venerable origins of private environmental 
litigation, and its unique strengths, there are serious ques¬ 
tions about the appropriateness of private remedies for poly¬ 
centric social questions, and the capacity of courts to decide 
environraental tort cases. Although some of the following 
problems could be cured by legislative reforms, 18 - 20 others 
are more resistant. 

Statutes of limitations. Statutes of limitations tradition¬ 
ally have posed an impassable obstacle to recovery if the 
injury does not manifest itself for many years. Many states, 
however, have reduced this obstacle by postponing the time 
limits for filing suit until the injury manifests itself or until 
the link between exposure and injury would be known to the 
“reasonable person,” even though it may not be known to 
the actual plaintiff. 

Litigation costs. Private litigation is expensive. Many law¬ 
yers are unwilling to undertake a private suit with a low and 
uncertain probability of success, even though the suit may 
have merit. The result is substantial undercompensation 
and reduced deterrent effect. 

Complexity . Environmental problems often involve com¬ 
plex, uncertain, and sometimes unresolvable scientific is¬ 
sues. Is it realistic to expect that judges and juries will be 
able to intelligently address and resolve the technical and 
scientific questions when science cannot provide defensible 
answers? How will firms be able to make informed, long¬ 
term investments if the outcomes of cases are so uncertain? 

Cases alleging environmental injury may take several 
years to resolve. In part, this is a result of the scientific 
complexity of the assumptions, theories, and data underly¬ 
ing the disputed factual issues. In part, lengthy delays occur 
because the judicial system does not have the administrative 
capacity to handle mass-injury cases, such as injuries from 
exposure to asbestos. More fundamentally, there has been a 
basic shift in the focus of tort law. Environmental tort cases 
today are not bipolar disputes, such as the one between 
William AJdred and his neighbor. Instead they affect: 

great aggregations of people and vast economic and social inter¬ 
ests. The decisions in these cases are preoccupied ... with 
advancing public control of large-scale activities and altering 
both the distribution of power and the nature of social values. 

In such cases, the parties are ... mere placeholders for these 
larger social interests . 21 

What sliould a court do if the requested injunctive relief 
would injure numerous persons who depend on the polluter 
for employment, taxes, and consumer products? Since these 
cases raise policy issues involving the allocation of resources 
among different segments of the community, should those 
issues be decided in court or left to the political process? 

Causation. Causation may be an intractable issue in toxic 
tort law. 22-25 There are really two causation problems, 
known as the indeterminate defendant and the indetermi¬ 
nate plaintiff . 21 The indeterminate defendant problem oc¬ 
curs because in most cases there are numerous sources of 
pollution, which makes it difficult to directly identify the' 
source (or sources) that caused the plaintiffs injury. Some 
courts have addressed this problem by apportioning liability 
among defendants through a market share theory, where the 
harm results from an identifiable product. 26 This approach 
has no applicability where the injury may have resulted from 
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a variety of ubiquitous chemicals dispersed through the en¬ 
vironment, some of which act synergistically. The market 
share theory also may be of little help when, as is common in 
toxic torts, the injury manifests itself years after the injuri¬ 
ous exposure occurred, and the potential plaintiffs have 
gone out of business or are difficult to identify. 

The indeterminate plaintiff problem arises because many 
injuries (particularly injuries to health) are “nonsignature,” 
meaning that the injuries could have resulted from a number 
of causes, some of which are natural. For example, although 
several members of the community may have evidence that 
the chemicals in the defendant’s air emissions cause lung 
cancer, comparisons with other communities suggest that 
most of the lung cancer cases would have developed regard¬ 
less of the defendant’s polluting activity. In the Agent Or¬ 
ange case, which began in 1975 and concluded in 1984, the 
trial judge granted summary judgment to several chemical 
companies against non-settling plaintiffs, largely on the trial 
judge’s conclusion that the plaintiffs had failed to establish 
this kind of causation. Although the court also approved a 
$180 million settlement covering most plaintiffs, the court’s 
approval was based more on sympathy for the veterans than 
on belief that they had demonstrated causation. 27 ’ 28 The 
problem is easy to state but difficult to resolve: 

identification , ordinarily a routine issue of cause in fact at 
common law, is a costly enterprise that relies on types of evi¬ 
dence and probability judgments which can be regarded as ill- 
suited to traditional resolution through the adversary process. 20 

One problematic aspect of the indeterminate plaintiff is¬ 
sue is illustrated by the following example. Suppose there 
was a clear correlation between the defendant’s polluting 
activity and a 15 percent increase in the expected number of 
lung cancer cases in the vicinity of the defendant’s plant (of 
course, such correlations are almost never clear cut for non¬ 
signature diseases), but that it was unclear which cases re¬ 
sulted from the defendant’s air emissions. Should damages 
be awarded in full to every person with lung cancer? Or is the 
proper award to each person with lung cancer 1/115 of a sum 
of money representing damages for 15 cases (i.e., 15 full 
awards spread out over every 115 people with lung cancer)? 
It is doubtful in these circumstances that it is ever possible 
to avoid both overcompensation and undercompensation. 

Agency Decisionmaking 

In principle, a regulatory system should overcome many of 
the shortcomings of private litigation. Issues of expertise, 
complexity, political accountability, and causation should 
prove to be smaller obstacles. Nevertheless, pervasive scien¬ 
tific uncertainty, as well as the ambiguity inherent in statu¬ 
tory commands, make agency decisionmaking problematic 
as well. 

A regulatory agency generally uses one of two processes to 
manage risks: administrative adjudication or rulemaking. 
Administrative adjudication is the case-by-case determina¬ 
tion of regulatory issues, such as whether to cancel the regis¬ 
tration of a particular pesticide. In adjudication, an adminis¬ 
trative law judge presides over a formal, trial-type hearing 
and, after listening to evidence, formulates findings of law 
and fact. Rulemaking, by contrast, produces regulations 
governing the activities of entire industries. Most federal 
rulemaking proceedings under environmental and worker 
safety statutes do not employ live hearings, but instead rely 
on written submissions that constitute the administrative 
record. Generally, most agency policies and decisions con¬ 
cerning health and safety are generated through rulemaking 
proceedings. 

One of the hallmarks of modern agency decisionmaking in 
the United States is extensive public participation. 29 Before 
adopting a regulation, for example, the agency must publish 
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the proposed regulation, a summary of the reasons and fac¬ 
tual bases for the regulation, and the time and place for 
submitting mitten comments. Anyone may submit written 
comments, reports, data, or objections related to the agen¬ 
cy’s proposed rule, and any documents submitted to the 
agency are available for public review. In publishing a final 
regulation, the agency must explain the basis for the rule, 
including any changes from the proposed rule, and must 
respond to (but need not rely on) all material comments and 
objections. 

Public participation serves multiple, sometimes conflict¬ 
ing purposes. At one level, public participation legitimates 
agency decisionmaking. Many agency decisions are contro¬ 
versial because) there are not adequate data leading unam¬ 
biguously to a single policy choice. Such decisions are neces¬ 
sarily value-laden. Public participation, coupled with the 
requirement that the agency take seriously and respond to 
all material comments, can ensure that all interested parties 
have roughly equal access to political decisionmaking, and 
thus can help to ensure at least a minimal level of public 
accountability by agency officials. 

At another level, unrestricted public participation may 
also help to ensure that the agency has made the “best” 
decision. By being required to consider all points of view, the 
agency is much less likely to overlook relevant data or per¬ 
spectives, and also is more likely to be able to overcome its 
institutional biases. 30 

In addition to procedural constraints on agency decision¬ 
making, the legislature also sets the substantive criteria for 
agency regulations in virtually all risk management statutes. 
One characteristic of modern environmental and worker 
safety statutes is their relative specificity. 

The two extremes of pollution control standards are 
“health-based” and “technology-based” standards. An ex¬ 
ample of a “health-based” standard is section 112 of the 
Clean Air Act. Under that provision, the Administrator of 
the Environmental Protection Agency must set a hazardous 
air pollutant standard that “in his judgment provides an 
ample margin of safety to protect the public health.” The 
current judicutl interpretation of this language prohibits the 
Administrator irom considering implementation costs or 
technological legibility in setting an “acceptable” or “safe” 
level of risk. 31 After fixing this “safe” risk level, the agency 
must further reduce the emission rate (to add the statutory 
ample margin of safety) to the extent permitted by imple¬ 
mentation costs and technological feasibility. Thus, under 
this interpretation, even the best available control technol¬ 
ogies do not necessarily meet the statutory standard. 

Not surprisingly, this interpretation has caused conster¬ 
nation in regulatory circles, for it requires the agency to 
determine a level of acceptable risk wholly out of context; 
implementation costs and technological feasibility ostensi¬ 
bly are irrelevant to the agency’s initial determination of 
acceptable risk- There is some reason to believe that the 
EPA will seek to circumvent the statutory restriction. The 
agency recently proposed to define acceptable risk as equiv¬ 
alent to a maximum individual lifetime risk in the neighbor¬ 
hood of 1 X 10“ 4 . The precise number would vary depending 
on unspecified factors; in one example, the risk level was 6 X 
10“ 3 . 32 By proposing a relatively high level of acceptable 
risk—one that few people would define as acceptable—EPA 
effectively would be able to give much greater weight to costs 
and feasibility considerations than if it had begun with a 
more convention^ estimate of acceptable risk. 

An example of a “technology-based” standard is section 
111 of the Clean Air Act. That provision requires the EPA 
Administrator to set emission standards for new sources of 
nonhazardous air pollutants that “reflect the degree of emis¬ 
sion limitation... achievable through application of the best 
technological system ... which (taking into consideration 
the cost of achieving such emission reduction ...) the Ad¬ 
ministrator determines has been adequately demonstrated.” 
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Thus, in contrast to section 112, section 111 requires EPA to 
consider implementation costs and the availability of tech¬ 
nological controls in setting emission standards. 

As these two examples illustrate, the substantive statu¬ 
tory language often is imprecise, and thus leaves the agency 
considerable room for interpretation. How expansive is the 
definition of “public health”? Should the standards be set to 
protect every vulnerable individual, no matter how hyper¬ 
sensitive? If not, where should the line be drawn? How much 
of a margin is an “ample margin of safety”? How should the 
Administrator “consider” costs under section HI? How 
should the Administrator determine what is the “best” sys¬ 
tem of pollution control? When is a technological control 
system “adequately demonstrated”? Plainly, in these provi¬ 
sions the legislature has only defined the broad outlines of 
regulatory policy. Crucial substantive details remain to be 
worked out in agency rulemaking proceedings. 

Despite the inherent ambiguity of the statutory language, 
however, it is evident that the health-based and technology- 
based criteria represent two very different approaches to the 
regulation of human health risks. Even though the statutory 
language leaves the agency considerable policymaking dis¬ 
cretion, these criteria impose important limits on the ambit 
of agency authority. Health-based criteria require the regu¬ 
lator to focus exclusively on health risks—e.g., their nature, 
magnitude, and distribution—in determining acceptable 
emissions standards. Technology-based criteria, by con¬ 
trast, require the regulator to focus entirely on the availabil¬ 
ity and cost of pollution control technology. Thus, the legis¬ 
lature, through the substantive statutory criteria for pollu¬ 
tion standards, defines the factors that contribute to a 
determination of acceptable risk in different circumstances. 

Judicial Review 

A critical element of the rulemaking process is judicial 
review. Roughly speaking, judicial review is designed to en¬ 
sure that the agency has conformed to the statute’s proce¬ 
dural and substantive requirements. If the agency failed to 
comply with the statutory requirements, the court would 
remand the case to the agency for reconsideration in compli¬ 
ance with the statute. The policy goal of widespread public 
participation in agency decisionmaking is advanced here by 
statutes and doctrines permitting any person to seek judicial 
review of agency actions. 

Ensuring that the agency has conformed to the procedural 
requirements is essential to any notion of public participa¬ 
tion and agency accountability. Without adequate judicial 
review, agency officials would be free to disregard conflicting 
perspctives and to make policy choices without a thorough 
public airing. For example, in the course of deciding noc to 
regulate formaldehyde under the Toxic Substances Control 
Act, EPA officials held private meetings with representa¬ 
tives of industry. 33 As a result, opposing views were largely 
left out of the decisionmaking process, EPA deviated arbi¬ 
trarily from the existing cancer policy guidelines, and the 
agency did not follow procedures for internal review of poli¬ 
cy decisions. Judicial review of agency procedures could 
have helped ensure the legitimacy and integrity of the quasi¬ 
political process that is central to agency rulemaking. 

More commonly, judicial review focuses on whether the 
agency’s substantive decision conforms with the statutory 
criteria. Inevitably, this issue is linked with questions in¬ 
volving the extent to which the reviewing court should defer 
to the agency’s interpretation of the statute, and the degree 
to which the court should probe the validity of the agency’s 
technical judgments. 

The courts’ willingness to read statutes instrumentally, 
and thus to disregard agency interpretations, was illustrated 
in Industrial Union Dep’t , AFL-CIO v. American Petro¬ 
leum Instituted In that case, a plurality of the Supreme 
Court remanded the OSHA benzene exposure standard of I 
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ppm to the agency for reconsideration. The Court’s decision 
was ba*ed on its reading of a convoluted statute as requiring 
the agency to show that the health risks to workers were 
“signifileant,” a word that does not appear in the statute. It is 
plain from the Court’s opinion that its interpretation was 
driven by concerns that OSHA’s interpretation would result 
in exclusively strict regulations. 35 

More- recently, the federal courts have assumed a deferen¬ 
tial posture toward agency interpretation of regulatory stat¬ 
utes. In a series of cases over the last five years, the Supreme 
Court has emphasized that for reasons of political account¬ 
ability *uid technical expertise, regulatory agencies have the 
primary responsibility for interpretation. In a case discuss¬ 
ing EPA’s interpretation of one section of the Clean Air Act, 
the Court wrote: 

the regulatory scheme is technical and complex, the agency 
considered the matter in a detailed and reasoned fashion, and 
the decision involves reconciling conflicting policies.... Judges 
are not experts in the field, and are not part of either political 
branch of the Government.... When a challenge to an agency 
construction of a statutory provision, fairly conceptualized, 
really centers on the wisdom of the agency’s policy, rather than 
whether it is a reasonable choice within a gap left open by 
Congress, the challenge must fail . 35 

Nevertheless, some scholars condemn the courts’ default 
in favor of agency interpretation of statutes, 37 ' 38 and thus in 
favor of agency policymaking authority. Other authors, how¬ 
ever, insist that agencies are politically accountable and thus 
in the best position to make the policy decisions inherent in 
statutory interpretation. 39 ' 40 

Of ccinse, if the statute is fairly clear, a court will not allow 
an agency to disregard the statutory language, even though 
the status vastly overregulates the risks. A good example of 
this occurred when a court reviewed an FDA decision to list 
as safe the color additives Orange No. 17 and Red No. 19, 
which iire used in cosmetics. Although the agency deter¬ 
mined, through animal bioassays, that these color additives 
were carcinogenic, 41 the calculated risk assessments showed 
that No. 17 would increase individual lifetime excess cancer 
risk by 2 X 10“ 10 , and No. 19 by 9 X 10“°. The FDA conclud¬ 
ed that these risks were too trivial to regulate. Indeed, there 
was some precedent to suggest that agencies possess an in¬ 
herent statutory authority to disregard “de minimis” or triv¬ 
ial risks. 4 " Unfortunately, this decision apparently conflict¬ 
ed with the express words of the Delaney Clause of the Food, 
Drug and Cosmetic Act, which prohibits all color additives 
that “induce cancer in man or animal.” The court in Public 
Citizen v . Young recognized that the clause was “extraordi¬ 
narily rigid,” but it reluctantly adhered to the statutory 
wording.* 1 

The other area of substantive judicial review involves the 
agency’s judgment that a regulatory standard satisfies the 
“significant risk,” “ample margin of safety,” or some other 
statutory criterion. Under many statutes, a court may re¬ 
mand an agency decision only if it is “arbitrary, capricious or 
an abuse of discretion.” Other statutes require the agency to 
show that its decision is supported by “substantial eviden¬ 
ce.” In interpreting these somewhat ambiguous standards 
the federal courts often have melded them into a single 
“hard-look” doctrine, which is a collection of techniques to 
control agency discretion. Under the doctrine, an agency 
decision am survive judicial review only if the agency has 
given a reasoned explanation of the bases for its decision, 
supported its decision with substantial evidence, explored 
alternatives, given reasons for rejecting the alternatives, and 
responded to public criticisms and objections. 44 

In determining whether the agency’s decision is supported 
by substantial evidence, it is enough “that the administra¬ 
tive record contain(s) respectable scientific authority” sup¬ 
porting the: agency’s factual findings. 45 The Supreme Court 
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has written: 

It is the Agency’s responsibility to determine, in the first in¬ 
stance, what it considers to be a “significant” risk.. . . 
OSHA is not required to support its finding that a significant 
risk exists with anything approaching scientific certain¬ 
ty Thus, so long as they are supported by a body of reputa¬ 
ble scientific thought, the Agency is free to use conservative 
assumptions in interpreting the data with respect to carcino¬ 
gens, risking error on the side of overprotection rather than 
underprotection . 46 

Even where there are no data, or the data sharply conflict, 
a reviewing court will uphold the agency’s policy judgments 
if the agency explains the considerations it relied on. In 
Industrial Union Dep’t, AFL-CIO v. Hodgson , for example, 
the court readily upheld OSHA’s decision to delay a new 
asbestos standard. Given the conflicting scientific views of 
the health impact of the delay, as well as the statutory policy 
to adopt feasible standards, the court held that the delay was 
not irrational. 47 Similarly, in Building & Construction 
Trades Dep’t , AFL-CIO v. Brock , the court was unwilling to 
second-guess OSHA’s finding that certain asbestos exposure 
levels posed a “significant risk” to workers. 48 In short, the 
courts generally defer to the agency’s technical and adminis¬ 
trative expertise even though the agency rationally might 
have made other, perhaps better, decisions, 49 

Inevitably, however, close judicial review of the agency’s 
reasoning gives a court considerable opportunity to express 
its own substantive policy preferences. By i mmersing itself 
in the technical evidence, and determining whether the 
agency decision was “rational,” the court often will not be 
able to avoid substituting its own views on the merits of the 
underlying issue. This may be especially true when the sci¬ 
entific evidence is most controverted. For example, in As¬ 
bestos Information Ass’n v. OSHA t the court reluctantly 
accepted the agency’s assertion that an estimated eighty 
deaths, out of a worker population of 375,000, would consti¬ 
tute a “grave risk” that would justify an emergency tempo¬ 
rary standard for asbestos exposure. Based on the court’s 
own examination of the record, however, the court conclud¬ 
ed that the numerical estimate was speculative and thus 
ins ufficient to support the agency’s finding. As a result, the 
court stayed enforcement of the agency’s emergency tempo¬ 
rary standard. 50 Perhaps because it fears that lower courts 
will routinely intrude on agency policymaking authority, the 
Supreme Court in another case admonished that when re¬ 
viewing agency decisions are “at the frontiers of science... a 
reviewing court must generally be at its most deferential.” 51 
Acceptability is more than probabilities and scientific as¬ 
sessments; it results from a decisionmaking process that is— 
on average—fair. When also viewed in the context of a port¬ 
folio of risks, the process tends to avoid ad hoc solutions. 

The Portfolio Approach to Risk Acceptability 

As illustrated in the preceding cases, risk assessment is 
based on a flux of scientific information concerning often 
highly uncertain or speculative risks. New knowledge, im¬ 
proved ability to control risks, and changes in risk attitudes 
can make a formerly acceptable risk no longer acceptable. 
Decisions about risk acceptability are thus dynamic and 
provisional; they must be monitored and adapted over time. 
For a regulatory agency, the acceptability of a specific risky 
activity depends on the context of other activities and con¬ 
trol opportunities in which it is embedded. This view pro¬ 
vides a new perspective for integrating risk acceptability 
issues into a framework for organizing social risk manage¬ 
ment decisions. 52 

An agency’s approach to risk management can be viewed 
in terms of its management of four sets of risky activities. 
One set contains known problems waiting for regulation. A 
second set consists of suspected problems requiring further 
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investigation and possibly action. Finally, there are two dis¬ 
position sets: one of solved problems that have been investi¬ 
gated and for which regulatory solutions have been estab¬ 
lished that must now be monitored and enforced; and one for 
nonproblems that have been investigated and found not to 
be problems. The known and suspected problem sets are 
sorted in order of decreasing priority of the problems in 
them, forming two rank-ordered lists. As suspected prob¬ 
lems are investigated, and uncertainties about their risks are 
resolved, they change positions in the list for suspected 
problems. They may be moved down and off the suspected 
problem list ^together and onto the nonproblem list, or they 
may be moved up until they are pushed off the suspected 
problem list and inserted into the known problem list. 

Risk management can be viewed as allocating resources to 
resolving problems on the two different action lists. In each 
budget period, the agency must allocate its resources to 
problems on the known and suspected lists. This requires 
trade-offs. Is it better to spend resources addressing another 
known problem or investigating another suspected one? 
When do the unknown risks from failing to explore items on 
the suspected problems list outweigh the losses from defer¬ 
ring action on known problems? And how should the pend¬ 
ing problems wthin each list be ordered in terms of priority? 

The only permanently acceptable risks are those moved to 
the nonproblem set. However, within any given period of 
time, there sire known and suspected problems that are so far 
down on their corresponding priority sets that they will not 
be addressed until long after the many higher-priority prob¬ 
lems that dominate them have been resolved. Such problems 
pose provisionally acceptable risks: risks that are accept¬ 
able until more important ones have been resolved. 

In practice, new problems for investigation and resolution 
are continually being created by industrial society as new 
products and technologies emerge. Each new problem or 
potential problem requires positioning it, in the appropriate 
priority position, on the known problem or suspected prob¬ 
lem list. If the rate at which high-priority problems are 
generated is greater than the rate at which they can be 
investigated, then existing problems will remain provision¬ 
ally acceptable!. 

Of course, the process of setting the regulatory agenda is 
not as simple as this brief description suggests. Many prob¬ 
lems are put on the public agenda as a result of the political 
and legal efforts of opposing parties. Rather than agency 
pull, in which problems are actively sought out for investiga¬ 
tion to protect the public, public push may bring risk man¬ 
agement proble ms onto the judicial, administrative, or legis¬ 
lative agenda. Episodic crises, such as the Bhopal disaster, 
also strongly tiffect the regulatory priorities regardless of the 
agency’s assessment of their significance. 

Although, in principle, toxic tort litigation can be included 
in the portfolio approach, the jurisdictional peculiarities of 
tort disputes stemming from state sovereignty, as well as the 
decentralized trial court system, prevent a centralized man¬ 
agement of risls. This is less of a problem in the federal 
judicial system. Nevertheless, even though federal multidis¬ 
trict litigation is possible, as the Agent Orange case demon¬ 
strates, tort law has a different focus than agency rulemak¬ 
ing under a risk management statute. Tort law emphasizes 
private, individual and class protection. Its objectives are 
principally compensation and to a lesser extent deterrence 
and occasionally punishment. Environmental statutes and 
agency rulemaking, by contrast, seek to prevent public inju¬ 
ries by enforcing standards adopted through a mixed politi¬ 
cal and technocratic process that may emphasize adminis- 
trability as much as public health protection. Given these 
different objectives, it would be odd if the portfolio approach 
were equally ajpplicable to both risk management systems. 

The portfolio approach may also be inapplicable to toxic 
tort litigation because the individual risks, costs, and poten- 
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tial benefits of a case may differ from the societal ones. For 
example, since many of the costs of toxic tort disputes are 
borne by the affected parties, individual perceptions of risks, 
benefits and costs will affect the selection of disputes for 
litigation. The individual benefits of winning a case may be 
smaller than, or different from, the social benefits so that 
litigation that might be socially worthwhile may not be un¬ 
dertaken. 63 As a result, the portfolio approach is most diffi¬ 
cult to apply to private litigation. Thus, social risk manage¬ 
ment by private litigation is a complement to, rather than a 
substitute for, risk management by regulatory agencies. 

The concept of a portfolio of risks is also useful for compa¬ 
nies whose allocation of resources—for example, to risk re¬ 
search, warning, and control—can be adapted to a common 
set of guidelines. Companies could use publicly stated levels 
of acceptable risk in their own risk management decisions. 
Without such clear guidance, manufacturers may be unwill¬ 
ing to produce socially beneficial but potentially risky prod¬ 
ucts (e.g., vaccines) for fear of legal liability, should the 
courts decide in retrospect that the product was “unaccep¬ 
tably” risky. 54 An explicit reliance on the portfolio approach 
avoids the “carcinogen of the month” problem because it 
leads the agency expressly to consider items to be placed on 
the lists without becoming either engulfed by them or too 
lax. Public scrutiny during rulemaking and judicial review 
under regulatory law will now work toward plausible solu¬ 
tions to difficult and polycentric problems. 


Conclusions 

The concept of “acceptable” risk levels seems easiest to 
justify as a device for constraining and guiding regulatory 
risk management efforts and resource allocation over time. 
It is less clearly applicable to the private decisions of eco¬ 
nomic agents (consumers or producers), where the availabil¬ 
ity of detailed case-specific information about costs, uncer¬ 
tainties, and benefits makes it reasonable to expect and 
require more careful and detailed approaches to case-by¬ 
case risk management. 

Although the need for simple, concrete, easily implement¬ 
ed standards of acceptable risks for guiding private sector 
health and safety risk management decisions cannot be de¬ 
nied, it seems unlikely that this need can be met without 
ignoring some important aspects of risk and uncertainty. 
The acceptability of risks is not an easy question and gener¬ 
ally may not have answers that are both easy to apply and 
fully defensible on rational or moral grounds. 

In this paper, we have argued that the most realistic and 
constructive view of risk acceptability for the practitioner 
may be that it is a property of risk management decision 
processes , rather than of isolated risky activities or situa¬ 
tions. Numerous cases in the recent history of risk litigation 
indicate that it is the interaction of such processes—as in the 
balancing of the proper role of judicial intervention against 
the expertise and discretion of regulatory agencies—that 
determines risk acceptability in particular cases. Acceptabil¬ 
ity of a technological risk is thus not only a matter of risk 
statistics and objective numbers, but of social processes and 
of trade-offs that society is willing to make to achieve deci¬ 
sions that are on average reasonably fair, efficient, workable, 
and acceptable. 
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Cancer develops secondary to multiple genetic events. Each time 
a cell divides there is a rare chance that a genetic error related to 
the carcinogenic process will occur. Thus, environmental agents 
or disease processes that produce sustained increased cell prolif¬ 
eration can enhance the likelihood of cancer development by pro¬ 
viding additional cell divisions, each with an opportunity for 
spontaneous genetic error. Studies of hereditary cancers and of 
various DNA-damaging agents, such as radiation and certain vi¬ 
ruses and chemicals, have provided insight into identification of 
the essential genes, but many examples of carcinogenesis in hu¬ 
mans do not involve direct DNA damage. Also, most preneoplastic 
lesions in human carcinogenesis show increased proliferation 
compared with normal tissues, whether from increased mitotic 
rate, blocked differentiation, prolonged cell survival, or other 
mechanisms. Selected examples of proliferation-related carcino¬ 
genesis are described, including certain infectious agents, defec¬ 
tive immune surveillance, hormonal imbalances, chronic inflam¬ 
matory-regenerative processes, and exposure to various chemi¬ 
cals. A common biologic mechanism for these diverse stimuli is 
increased cell proliferation as a prelude to cancer. This mechanism 
seems essential to the genesis of many cancers in humans. 

Key words: Cell proliferation, Carcinogenesis, Viral cancer, 
Chemical carcinogens, Genetics, Immune surveillance. 
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C ancer, the second leading cause 
of death in the United States, 
may be increasing, particularly in 
elderly individuals (1). Although 
progress has been made in the 
treatment of patients with cancer, 
prevention offers greater opportu¬ 
nities for reducing the death toll. 
Cigarette smoking, responsible for 
a majority of cancers of the respi¬ 
ratory tract and cancers of other 
organs, remains the leading known 
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cause of cancer (2). Specific chem¬ 
icals known to be carcinogens in 
humans, such as 2-naphthylamine, 
benzidine, 4-aminobiphenyl, vinyl 
chloride, and diethylstilbesterol, 
account for only a small percentage 
of cancers (3). Infectious organisms 
have also been implicated as being 
etiologic agents of specific cancers 
(4), including enteric bacteria, par¬ 
asites, such as Schistosoma and 
Clonorchis , and viruses, such as Ep- 
stein-Barr virus (EBV), human T- 
lymphotropic viruses I and II, hep¬ 
atitis B virus (HBV), and human 
papilloma virus (HPV). 

Mounting evidence strongly sup¬ 
ports the contention developed in 


1914 that cancer results from ge¬ 
netic alterations (5). Utilizing mo¬ 
lecular biologic techniques, numer¬ 
ous genetic alterations, including 
specific genes, have been identified 
in several cancers. However, many 
etiologic agents do not directly 
cause genetic damage. Similarly, 
some environmental agents asso¬ 
ciated with cancers do not directly 
damage DNA, Thus, although ge¬ 
netic damage is most likely an 
eventual common pathway to the 
development of cancer, other piv¬ 
otal mechanisms contribute to car¬ 
cinogenesis. 

That multiple events are essen¬ 
tial for the development of cancer 
has been demonstrated in experi¬ 
mental animal models, in in vitro 
systems, and in certain human can¬ 
cers. Nearly 50 years ago, Beren- 
blum and Shubik [6) conducted 
classical experiments in mouse cu¬ 
taneous carcinogenesis that re¬ 
sulted in the formulation of the 
two-stage carcinogenesis concept. 
Alfred Knudson (7) hypothesized 
that two genetic events occur for 
retinoblastomas to emerge in chil¬ 
dren. His hypothesis has been con¬ 
firmed through numerous genetic 
analyses and ultimately by the mo¬ 
lecular cloning of a specific Rb 
gene. 

Although cancer arises from de¬ 
fective control of cell proliferation, 
the etiologic and pathogenetic role 
of cell proliferation has received 
relatively little attention. Never¬ 
theless, as early as 1953, Nordling 
(8) stated that, although genetic 
alterations were necessary, the 
likelihood that certain cancels 
would develop could be greatly aug¬ 
mented by sustaining cell prolifer- 
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entiation of a tissue. Ascending along the left side are the two stages of carcinogenesis, 
initiation and transformation. Downward-pointing arrows represent cell death, whereas the 
other arrows represent the various combinations of possible results of cells following cell 
division. 


ation of the target tissue. A decade 
ago, a specifically define role for 
cell proliferation was integrated 
into a carcinogenesis model devel¬ 
oped by Moolgavkar and coworkers 
(9,10)., which was derived from ep¬ 
idemiologic data, and into a biolog¬ 
ically similar model formulated by 
Greenfield etai (11) and by Cohen 
and Ellwein (12), using data from 
animal experiments. Although de¬ 
rived from two different perspec¬ 
tives, the biologic framework of 
both models is strikingly similar. 
They offer a basis for interpreting 
a wide variety of carcinogenesis 
data in animal models and humans. 
Both models quantify genetic and 
proliferative events and thus offer 
insight into assessments dealing 
with the risk of developing cancer. 
The framework of these models is 
presented below and then selec¬ 
tively illustrated in human carci¬ 
nogenesis. We have attempted to 
identify the common biologic 
thread of increased cell prolifera¬ 
tion as a common prelude to car¬ 
cinogenesis. This perspective is not 
intended to be definitive and, thus, 
the important work of many inves¬ 
tigators is not cited nor is the bur¬ 
geoning information being pub¬ 
lished regarding multiple molecular 
events being discovered for specific 
histologic types of cancer. . 


CELL PROLIFERATION AND 
CARCINOGENESIS 

The mcdel of carcinogenesis dis¬ 
cussed and illustrated herein is 
shown in Fig. 1. For any theoretic 
model, assumptions are made in 
defining qualitative and quantita¬ 
tive aspects. The assumptions of 
this model are the following: (a) 
cancer arises from normal cells 
through two irreversible genetic 
events; (6) these genetic events oc¬ 
cur only during active cell prolif¬ 
eration or are irreversibly fixed 
only during cell division; (c) the 
carcinogenic events occur only in a 
susceptible subpopulation of cells 
within the target tissue (frequently 
referred to as stem cells); and ( d ) 
the two genetic events occur in a 
random fashion with non-zero 
spontaneous probabilities. Note 
that the word "transformation” is 
used to mean the development of 
malignant c ells. 


In the context of this model, an 
agent can alter the likelihood of 
developing a cancer in only two 
ways: it can increase the probabil¬ 
ity of irreversible genetic damage 
occurring during cell division; or it 
can increase cell proliferation, usu¬ 
ally accompanied by an increase in 
cell number, and consequently in¬ 
crease the number of opportunities 
for spontaneous genetic damage. It 
also can do both. Although other 
models postulating more than two 
critical genetic events in the car¬ 
cinogenic process have been pro¬ 
posed, our analyses reveal that two 
critical events seem to be sufficient 
for cancer to occur. We recognize 
that the size of the susceptible pop¬ 
ulation of cells and their suscepti¬ 
bility can be altered by a variety of 
genetic and nongenetic events and 
stimuli. Also, further genetic alter¬ 
ations may occur in subclones of a 
malignancy, producing considera¬ 
ble heterogeneity with respect to 
several aspects of its biologic be¬ 
havior. Clearly, other events occur 
during progression of cancers that 
endow the malignancies with in¬ 
creased survival advantage. 

Under normal circumstances, 
the probability for either of the two 
critical genetic events to occur is 
exceedingly low (probably in the 
range of 10 -10 to 10“ 6 per cell divi¬ 
sion); otherwise everyone would 
develop cancer at an early age. On 
the other hand, these probabilities 
are not zero, or no one would de¬ 


velop cancer. Thus, this model pre¬ 
dicts that, if people lived suffi¬ 
ciently long, all would develop can¬ 
cer. However, because these 
probabilities are so low, the odds 
are in favor of an individual not 
developing cancer, even with a life 
span of 100 yr. Approximately 25% 
of persons develop malignancy in 
the United States during their life¬ 
time. 


INHERITED CANCERS 

Studies of hereditary cancers of 
children have provided experi¬ 
ments of nature illuminating how 
carcinogenesis can occur. As origi¬ 
nally advanced by Knudson (7), ge¬ 
netic events occur in the two alleles 
of the Rb gene that give rise to 
retinoblastoma (Fig. 2). Normally, 
the likelihood of developing reti¬ 
noblastoma in an individual with¬ 
out an inherited retinoblastoma 
gene defect is rare, given that two 
rare events are required for the tu¬ 
mor. In contrast, individuals who 
inherit the defect in the Rb gene 
have nearly a 100% occurrence of 
the tumor. Although this pheno¬ 
typic expression initially suggested 
a dominant trait, Knudson postu¬ 
lated autosomal recessive Rb gene 
inheritance. With retinoblastic 
proliferation during development, 
a genetic error eventually occurs in 
the second Rb allele. Although rare 
during any one mitotic event, the 
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Figure 2. Genetics of retinoblastoma. Tumors occur when defects occur in both alleles, 
whether caused by absence of the entire chromosome, deletion of a portion or all of the 
gene segment, or mutation of the gene. Individuals with hereditary retinoblastoma are 
born with one defective allele in all of their cells, requiring only a defect to develop in the 
second allele for malignancy to occur. Nonhereditary individuals must generate defects in 
both alleles beginning with cells having two normal alleles at conception. 


Figure 3. Alternative explanations of multiple genetic events occurring during carcinogen¬ 
esis. If each of the identified genetic events occurs sequentially, the upper diagram pertains. 
However, more likely is a mechanism similar to that presented in the lower diagram where 
there are multiple genetic events that will affect the proliferative rates, genetic stability, 
and/or the cell population sizes of A, B, or C, but are not essential for the carcinogenic 
process itself. However, these additional genetic effects will greatly accelerate the carcin¬ 
ogenic process overall. 


probability that a mutation will oc¬ 
cur is sufficiently high that nearly 
all genetically susceptible individ¬ 
uals develop retinoblastoma. Inci¬ 
dences frequently are bilateral, 
and/or persons develop more than 
one tumor per eye at an early age. 

Retinob lasts only proliferate 
during development of the eye, and 
cell division is necessary for either 
of the two genetic events in the 
genesis of retinoblastoma to occur 
(unless one allele is defective be¬ 
cause of a germ line mutation). 
Thus, the chance of developing a 
retinoblastoma is eliminated once 
these cells stop proliferating. Sim¬ 
ilar arguments can be advanced for 
neuroblastoma, since neuroblasts 
also cease; proliferating during 
childhood. 

Knudson’s hypothesis prompted 
the search for other tumor suppres¬ 
sor genes (also referred to as an¬ 
tioncogenes;) (13, 14). Increased 
susceptibility to the development 
of tumors in other tissues, such as 
osteogenic sarcomas, has been ob¬ 
served in patients with retinoblas¬ 
toma, although it remains unclear 
as to why tumors do not increase 
in all tissues. A second suppressor 
gene (with protein product p53) 
might be involved with the genesis 
of these sarcomas. Other possible 
candidates for tumor suppressor 
genes include Wilms’ tumor, renal 
cell carcinoma, and at least two 
forms of inherited colonic carci¬ 
noma. 

Polyposis coli (Pc) is an autoso¬ 
mal dominant, inherited suscepti¬ 
bility to adenomatous polyps and 
adenocarcinoma of the colon (15). 
Individuals with the Pc genetic de¬ 
fect (chromosome 5q) develop nu¬ 
merous colonic polyps that often 
evolve into cjircinomas within a few 
decades. Similar genetic events oc¬ 
cur in some nonpolyposis coli pa¬ 
tients, who more commonly de¬ 
velop colon cancer at a later age. In 
addition, at least six other autoso¬ 
mal dominant hereditary traits 
predispose to colon cancer (16). 

Adenomatous polyps, which are 
preneoplastic lesions, exhibit in¬ 
creased proliferative capacity, pre¬ 
sumably due to enhanced prolifer¬ 
ation of the colonic crypts. Most (if 
not all) preneoplastic lesions in¬ 
volved in human carcinogenesis 
show increased proliferation com¬ 
pared with normal tissue, whether 


it comes from increased mitotic 
rate, blockage in differentiation, or 
other mechanisms. 

Fearon and Vogelstein (17) have 
recently postulated a multistep 
process for colonic carcinoma. 
However, their multiple stage 
model could also be consistent with 


only two critical events being re¬ 
quired for carcinogenesis (Fig. 3). 
The additional genetic alterations 
that they observe in other genes 
may enhance the proliferative ca¬ 
pacity or alter the differentiation 
of cells in the preneoplastic, ade¬ 
nomatous polyp. Although these 
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Figure 4. Estrogens have a proliferative effect on the endometrium. During the normal 
reproductive stage of a woman's life, this produces a proliferative endometrium {A), which 
is converted to secretory endometrium by progestational effects. However, if there is 
hyperestrogenism secondary to exogenous or endogenous sources, a hyperplastic endo¬ 
metrium results (S), since the proliferative effects of estrogen are not impeded by the 
normal or subnormal levels of progestins. If the adenomatous hyperplasia continues, a 
malignant tumor, adenocarcinoma, arises (C). This is particularly striking in postmenopausal 
women who have hyperestrogenism secondary to exogenous sources, but also can occur 
secondary to endogenous production. In contrast, postmenopausal women usually have 
lost the proliferative-stimulatory effects of estrogen, and their endometrium becomes 
atrophic (D). 




secondary genetic alterations may 
give a proliferative advantage to 
preneoplastic cells, and may thus 
significantly decrease the time to 
the development of an actual ma¬ 
lignancy, they nevertheless are not 
required, rate-limiting events in 
the development of the tumor. 


HORMONES AND CANCER 

Hormones govern numerous cel¬ 
lular :functions, including prolifer¬ 
ation, growth, and maintenance of 
bodily functions. Clinical and epi¬ 
demiologic studies demonstrate 
that sustained hormonal stimula¬ 
tion (18) and consequent enhanced 
cell proliferation result in estrogen - 
dependent endometrial (19) and 
breast carcinomas (20), thyroid- 
stimulating hormone (TSH)-de¬ 
pendent thyroid tumors (21), and 
androgen and estrogen interactions 
in the development of prostatic 
cancer (22). 

Endometrial carcinoma fre¬ 
quently results from chronic estro¬ 
gen stimulation of cellular prolif¬ 
eration.. For example, an increased 
incidence of endometrial adenocar¬ 
cinomas results from exogenous es¬ 
trogen therapy, such as seen with 
hormone replacement for meno¬ 
pause] women (19) and, possibly, 
from the use of older-type, estro¬ 
gen-containing contraceptives 

(23) . In addition, obesity is a risk 
factor for endometrial carcinoma, 
possibly due to hyperestrogenism 
from increased production or stor¬ 
age of estrogen by adipose cells 

(24) . Moreover, chronic estrogen 
stimulation is associated with en¬ 
dometrial hyperplasia and carci¬ 
noma in women with the polycystic 
ovary syndrome (25). Characteris¬ 
tically, estrogen stimulates the en¬ 
dometrium to proliferate (Fig. 4). 
Normally, this proliferative stimu¬ 
lus is tempered in midcycle by the 
increased production of progester¬ 
one, ultimately resulting in the 
shedding of cells during menstrua¬ 
tion. In the circumstances de¬ 
scribed above, estrogen stimulation 
is sustained rather than cyclic. 

Estrogen-related substances, 
such as diethylstilbesterol (DES), 
stimulate estrogen-responsive cells. 
In experimental animals, DES in¬ 
duces a variety of estrogen-related 
tumors (26). In humans, the devel¬ 


opment of vaginal adenocarcino¬ 
mas in the offspring of mothers 
who were exposed to DES during 
pregnancy is a notorious example 
4 (27). DES given to experimental 
animals, particularly in the ham¬ 
ster kidney model, undergoes met¬ 
abolic activation and DNA adduct 
formation (28). However, the prin¬ 
cipal role of DES in tumorigenesis 


appears not to involve DNA adduct Q 
formation but increased cell prolif- 
eration of estrogen-responsive cells ^ 
(29). The situation in the human ^ 
may reflect both of these compo- 
nents. The initial event in utero is a 
likely due to interaction of DES ^ 
with the DNA of specific vaginal 
cells. These initiated cells undergo 
rapid cell proliferation following " 
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menarache, often leading to the 
carcinogenic second event. 

The role of estrogen, and possi¬ 
bly other hormones, in causing 
breast cancer is similar to that in 
the endometrium (20). However, 
other critical factors may affect the 
responsiveness of cells to estrogen 
stimulation. For example, the age 
at which a woman has her first 
child significantly influences her 
susceptibility to breast cancer: the 
younger the woman is at the time 
of her initial pregnancy, the less 
likely she is to develop breast can¬ 
cer. During pregnancy, terminal 
differentiation of the breast duc¬ 
tules occurs, removing a large num¬ 
ber of cells from the cancer-suscep¬ 
tible population. Thus, even if 
these cells are subsequently stim¬ 
ulated to increased proliferation, 
they are not susceptible to devel¬ 
oping cancer. Human chorionic go¬ 
nadotropin (HCG) also appears to 
be involved with the induction of 
this differentiation process. An ini¬ 
tial pregnancy at a later age pro¬ 
longs the susceptible period of 
these cells. Not only is the rate of 
cell proliferation important, but 
the size of the susceptible cell pop¬ 
ulation and the period of time over 
which it persists influence the 
chances for experiencing the criti¬ 
cal events necessary for developing 
cancer. 

Chronic increased cell prolifera¬ 
tion induced by estrogen also in¬ 
creases the appearance of benign 
and malignant hepatocellular tu¬ 
mors in experimental animals and 
in humanis (30). Hepatocytes with 
estrogen receptors respond to in¬ 
creased estrogen levels by dividing 
more frequently. 

Hormonal effects on cell prolif¬ 
eration also greatly affect the like¬ 
lihood of developing prostatic ade¬ 
nocarcinoma (22). Animal models 
have been developed wherein the 
prostate is provoked into a burst of 
cell proliferation. This prolifera¬ 
tion can then be hormonally sus¬ 
tained, leading to the development 
of adenocarcinomas. In these in¬ 
stances, it remains unclear what 
the interactions between andro¬ 
gens and estrogens are, but both 
and possibly other hormones ap¬ 
pear to be involved. 

Thyroid carcinogenesis involves 
the interaction between the thyroid 
and the pituitary in a feedback loop 


(18, 21). As the thyroid produces 
more thyroid hormone (T 3 or T 4 ), 
it inhibits the pituitary, reducing 
TSH production. If thyroid hor¬ 
mone levels decrease, TSH levels 
produced by the pituitary increase, 
resulting in increased thyroid pro¬ 
liferation. In animal models, this 
process is frequently seen following 
the administration of chemicals 
(21) that decrease levels of thyroid 
hormone by a variety of mecha¬ 
nisms. This ablates negative feed¬ 
back on the pituitary and, conse¬ 
quently, overproduction of TSH re¬ 
sults and thyroid follicular cell 
proliferation arises. Ultimately, 
thyroid tumors result. Again, there 
is no evidence that TSH damages 
DNA by itself; these tumors arise 
as a consequence of chronic in¬ 
creased cell proliferation of the tar¬ 
get tissue. This mechanism is non- 
genotoxic, but a thyrotoxic chemi¬ 
cal can ultimately evoke tumors in 
the target organ. 


INFECTIOUS ORGANISMS AND 
CANCER 

Several microbial agents in¬ 
crease cell proliferation and in¬ 
crease the risk of developing can¬ 
cer. The intriguing possibility that 
infectious organisms might cause 
cancer has been investigated for 
more than a century. The first 
transmissible carcinogenic viral 
agents were identified in experi¬ 
ments by Rous and by Ellerman 
and Bang during the early part of 
this century (31). Cell-free extracts 
were found to transmit cancer from 
diseased to disease-free animals. 

Some fungi have been implicated 
in cancer development by produc¬ 
ing specific carcinogenic toxins, for 
example, aflatoxin (32). Bacteria 
have also been associated with the 
production of carcinogenic chemi¬ 
cals. For example, enteric bacteria 
occasionally are involved in the 
metabolic activation of certain car¬ 
cinogens, such as cycasin (33). 
Other organisms more directly 
cause specific cancers. 

Immunoproliferative small in¬ 
testinal disease (IPSID) is found in 
males in Third World countries. 
The initial benign appearing hy¬ 
perplastic lymphoid lesion is 
thought to arise from chronic an¬ 
tigenic stimulation by bacterial li- 


CELL 


popolysaccharides or enterotoxins 
of Vibrio cholerae. Supporting this 
view 7 is the regression of the lesions 
following a 6-mo trial of tetracy¬ 
cline (34). Without treatment, 
these lesions can convert to mono¬ 
clonal malignant lymphoma that 
secretes a heavy chains of immu¬ 
noglobulin. 

Certain parasitic diseases in¬ 
crease susceptibility to cancer most 
notably schistosomiasis (35) and 
clonorchiasis (36). Chronic Schis¬ 
tosoma hematobium infection is as¬ 
sociated with a markedly increased 
risk of developing bladder cancer. 
This agent causes chronic inflam¬ 
mation, fibrosis, squamous meta¬ 
plasia, and sustained, increased, 
squamous cell proliferation com¬ 
pared with the normal, mitotically 
quiescent transitional epithelium 
(Fig. 5). The majority of the tumors 
that develop within these infected 
bladders are squamous cell carci¬ 
nomas, rather than the usual tran¬ 
sitional cell carcinomas. Although 
specific carcinogens, such as nitro- 
samines, maybe produced in schis¬ 
tosomiasis, sustained increased cell 
proliferation is pivotal to generat¬ 
ing these tumors. 

Schistosomal infections of the 
lower gastrointestinal tract ( S . 
mansoni and S. japonicum), com¬ 
mon in the Far East and elsewhere, 
are associated with development of 
colonic carcinomas (37). This as¬ 
sociation is considerably less fre¬ 
quent than with schistosomiasis 
and bladder cancer. Again, sus¬ 
tained increased proliferation of 
the colonic epithelium may be a 
mechanism responsible for these 
cancers. 

Chronic biliary tract infections 
with the flukes, Clonorchis sinensis 
(36) or Opisthorchis uiuerrini (38), 
evoke destruction, epithelial regen¬ 
eration, and an increased preva¬ 
lence of cholangiocarcinoma (Fig. 
6). A specific carcinogen is not im¬ 
plicated in this process, whereas 
increased cell proliferation is sus¬ 
tained in bile ducts and ductules. 

Although on a worldwide basis 
these infections and tumors are 
common, they seldom affect per¬ 
sons in economically developed 
countries. In contrast, specific 
RNA and DNA viruses infecting 
populations globally can be carcin¬ 
ogenic (31, 39). 
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Figure 5. Squamous cell metaplasia (A) of the urinary bladder in a patient with chronic 
schistosomiasis. There is also ulceration of the epithelium. Note the numerous schistosome 
organisms in the wail of the bladder. The organisms can also be seen in the poorly 
differentiated squamous cell carcinoma that arose in another patient with schistosomiasis 
( B ). 



Figure 6. Bile ductular proliferation (right) secondary to Clonorchis infection, which has 
given rise 1 to a cholangiocarcinoma (left). 


Numerous oncogenic RNA retro¬ 
viruses affect animals. Retrovi¬ 
ruses convert viral RNA to DNA 
by utilizing the reverse transcrip¬ 
tase enzyme; the DNA is then in¬ 
corporated into the genome of the 
host. It has been hypothesized that 
specific viral oncogenes have been 
incorporated into the human ge¬ 
nome as protooncogenes or cellular 
oncogenes (39, 40). These viral and 
human cellular homologs act in a 
genetically dominant fashion. The 
Rous sarcoma virus carries the 
viral src gene. Several other viral 
oncogenes of retroviruses that in¬ 
fect humans have been identified 
and can result in leukemia or lym¬ 
phoma. 

Other retroviruses can produce 
cancers without carrying a specific 


oncogene as part of their RNA (39, 
40) by increasing the proliferation 
of the target tissue. Transmission 
of virus occurs from cell to cell, 
eventually resulting in the inter¬ 
position of virally generated DNA 
next to a cellular oncogene. Thus, 
sustained cell proliferation and, ul¬ 
timately, tumors can arise. A single 
oncogene, such as bcl-2 involved in 
follicular lymphoma, appears inca¬ 
pable of producing cancer without 
a second event. This oncogene, 
which is activated by the reciprocal 
translocation t(14;18) involving 
the breakpoint at bcl-2 on chro¬ 
mosome 18 and the heavy chain 
locus at 14q32, enhances follicular 
center cell proliferation. A second 
event is needed for the malignant 
counterpart to emerge. 
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The human oncogenic retrovi- 
nis, human T-cell leukemia virus 
(HTLV) I, chronically infects 
nearly 1 million people in Japan. 
Given that only 400 patients de¬ 
velop adult T-cell leukemias yearly 
in Japan, it is evident that a mul¬ 
tistep process prevails. It has been 
postulated that immune deficiency 
and genetic events are involved in 
this leukemogenicity (41). 

Infection with human immuno¬ 
deficiency virus (HIV) results in an 
increased susceptibility to malig¬ 
nant lymphomas, squamous cell 
carcinomas, and Kaposi’s sarcoma, 
but does not seem to be directly 
oncogenic (42) (see below under 
“Immune Surveillance of Cancer”). 

Several DNA viruses, including 
hepatitis B virus (HBV), human 
papilloma virus (HPV), and Ep- 
stein-Barr virus (EBV), are asso¬ 
ciated with certain types of cancers 
in humans. In each instance, the 
development of the malignancies 
results from a sustained prolifera¬ 
tion of the target cell. Herpes vi¬ 
ruses I and II have also been asso¬ 
ciated with an increased risk of 
cervical cancer, although this as¬ 
sociation has not been confirmed 
by recent research (43). 

HBV infection is mostly asymp¬ 
tomatic and transient. However, in 
susceptible individuals, the acute 
infection leads to sequelae of 
chronic active hepatitis (Fig. 7), 
which can progress to cirrhosis 

(44) . Likely, the virus persists pre¬ 
dominantly in males owing to an 
inadequate immune response to the 
virus. The malerfemale ratio of pri¬ 
mary hepatomas is 4:1. Females 
have superior immunocompetence 
to HBV than do males, as has been 
shown in studies done in Taiwan 

(45) . Increased androgens may also 
enhance hepatocarcinogenesis. 

The characteristic features of 
chronic active hepatitis and cirrho¬ 
sis are hepatocellular necrosis si¬ 
multaneously with regenerative re¬ 
pair. The normal liver is a mitoti- 
cally quiescent tissue as is the 
urinary bladder epithelium. With 
chronic active hepatitis or cirrho¬ 
sis, hepatocyte proliferation is 
markedly increased and is sus¬ 
tained for the life of the patient. In 
a significant number of such pa¬ 
tients, hepatoma arises. World¬ 
wide, hepatomas are caused pri¬ 
marily by chronic HBV (46). 
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HBV-related hepatocarcinoge- 
nesis is probably not related di¬ 
rectly to a specific oncogenic DNA 
alteration induced by the virus it¬ 
self. Transgenic mice that overpro¬ 
duce the large envelope polypeptide 
of HBV accumulate hepatitis B 
surface antigen and develop 
chronic active hepatitis, regenera¬ 
tive nodules, and ultimately hepa¬ 
tomas (47). This protein has none 
of the characteristics of oncogenes 
or tumor suppressor genes, but 
rather appears to be involved with 
the development of hepatocellular 
necrosis, chronic active hepatitis, 
and sustained, increased hepato- 
cyte proliferation. 

Any situation resulting in a 
chronic inflammatory or cirrhotic 


process is associated with an in¬ 
creased proliferative rate, regener¬ 
ative nodules, and an increased risk 
of hepatomas. Examples include 
chronic alcoholism and a variety of 
hereditary disorders, such as hem¬ 
ochromatosis. Not one of these 
conditions causes specific genetic 
damage, but they have in common 
increased sustained cell prolifera¬ 
tion. 

HPV infects squamous epithelia 
and is most commonly associated 
with cervical squamous cell carci¬ 
noma. Also, squamous cell carci¬ 
nomas of the penis, skin, anus, and 
oral cavity frequently contain the 
virus (48). HPV blocks differentia¬ 
tion of the infected epithelium, giv¬ 
ing features of dysplasia (Fig. 8). 


Increased cell proliferation and ex¬ 
pansion of the basal cell compart¬ 
ment result. Since HPV infections 
are usually persistent, events lead¬ 
ing to the continued presence of 
dysplasia can evolve, occasionally 
leading to carcinoma in situ and 
squamous cell carcinoma (49). 
Again, HPV causes a greatly in¬ 
creased risk of carcinoma owing to 
enhanced cell proliferation. Smok¬ 
ing cigarettes and defective im¬ 
mune responsiveness to the virus 
also appear to play a role (48, 50). 

EBV is a well-known B-cell mi¬ 
togen. The virus infects B-cells 
through the C 3 d (CR 2 ) receptor and 
immortalizes them in vitro. During 
acute infectious mononucleosis 
(Fig. 9), approximately one per 10 4 
B-cells is infected, whereas during 
latency approximately one per 10 6 
B-cells is infected. Multiple im¬ 
mune responses, especially by T- 
cells, bring the B-cell proliferation 
under control (51). However, if the 
polyclonal B-cell proliferation is 
not brought under control, Burk- 
itt’s or other non-Hodgkin’s lym¬ 
phomas can arise. Immune-defi¬ 
cient individuals chronically im- 
munosuppressed by holoendemic 
malaria, children with inherited 
immunodeficiency, HIV-infected 
persons, or transplant recipients 
frequently develop EBV-carrying 
tumors. 

Klein and Klein (52) postulated 
a multistep scenario in the genesis 
of African Burkitt’s lymphoma. 
Holoendemic malaria suppresses 
cytotoxic T-cells against EBV-in- 
fected B-cells while simultaneously 
causing polyclonal B-cell prolifer- 



Figure 7. Chronic active hepatitis secondary to HBV infection. This is a chronic necroin- 
flammatory process with sustained regeneration, occasionally leading to the development 
of hepatoma. 



Figure 8. The normal squamous epithelium of the cervix shows a "stem cell" basal layer with differentiation progressing to the surface (A). 
With HPV infection, there is blockage of this differentiation process leading to an expansion of the proliferative pool of cells extending higher 
in the epithelium, above the basal layer (B). In this figure, there is dear evidence of HPV infection as indicated by the koilocytes and chronic 
inflammation, with increasing degrees of dysplasia progressing from right to left . 
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Figure 9. infectious mononucleosis (A) is a markedly proliferative acute infection secondary to EBV, which is normally brought under control 
by various; immune factors, in immunosuppressed patients, this control of B-cell proliferation does not occur. The sustained proliferation can 
eventuate in the development of B-cell lymphomas, such as Burkitt's lymphoma (B). 


ation. This increased cell prolifer¬ 
ation increases the random chance 
that a specific chromosomal trans¬ 
location might occur involving the 
c -myc protooncogene at 8q24 with 
corresponding breakpoints involv¬ 
ing immunoglobulin loci (14q32, 
2pl2, or 22qll). Juxtaposition of 
an Ig gene with c -myc promotes 
expression of the c -myc gene prod¬ 
uct. Concurrently, the major his¬ 
tocompatibility complex (MHC) 
and EBV viral targets for T-cell 
surveillance are down regulated. 
Identical chromosomal transloca¬ 
tions are seen in mouse and rat 
immunocytomas and plasmacyto¬ 
mas. Moreover, the Ig-rnyc trans¬ 
gene results in transgenic mice that 
develop pre-B-cell malignant lym¬ 
phomas (53). 

In cell culture systems, EBV 
readily produces a mitogenic re¬ 
sponse in B-cells but does not re¬ 
sult in the production of malignant 
transformation (54). This suggests 
that EBV does not have a specific 
malignant transforming gene and 
that the specific chromosomal 
translocation leading to.Burkitt’s 
lymphoma is an exceedingly rare 
event. The probability that any 
particula r cell division will produce 
a malignant transformation is not 
increased, but, in the patient 
wherein ^uncontrolled polyclonal B- 
cell proliferation persists, the num¬ 
ber of cell divisions is enormously 
increased. The odds of a chromo¬ 
somal translocation occurring 
within the susceptible pre-B-cell 
population are thus increased. 


IMMUNE SURVEILLANCE OF 
CANCER 

In 1957, Burnet proposed the no¬ 
tion that the immune system rou¬ 
tinely recognizes and eliminates 
newly generated cancer cells. This 
hypothesis was extended by 
Thomas in 1959 (see Ref. 55). Can¬ 
cer was proposed to arise chiefly 
because of a breakdown in the im¬ 
mune surveillance against cancer 
cells. This theory was based on sev¬ 
eral experimental observations. In 
mice, tumor-specific antigens were 
identified, suggesting that tumor 
cells had specific antigens that 
could be detected by the immune 
system and eliminated. Further¬ 
more, several viral and chemical 
carcinogens were demonstrated to 
have immunosuppressive proper¬ 
ties in animal models. Further, sup¬ 
porting this theory, clinical obser¬ 
vations indicated that patients 
with congenital immunodeficien¬ 
cies, such as Wiskott-Aldrich syn¬ 
drome, or acquired immunodefi¬ 
ciency secondary to immunosup¬ 
pressive therapy for renal 
transplantation had a markedly in¬ 
creased occurrence of malignan¬ 
cies. 

Although superficially plausible, 
additional observations and exper¬ 
imentation have revealed that the 
immune surveillance theory of car¬ 
cinogenesis is not correct. The tu¬ 
mor-specific antigens that were 
discovered in mice were determined 
to be related primarily to tumori- 
genic viruses or H-2 antigens. Tu¬ 


mor-specific antigens in human 
cancers have only been discovered 
in multiple myeloma (56). A wide 
variety of tumor-associated anti¬ 
gens have been identified, which 
are embryonic or differentiation 
antigens of normal cells. Although 
qualitative differences have not 
been identified, quantitative differ¬ 
ences between normal cells and 
cancer cells have been demon¬ 
strated. 

The immunosuppressive effects 
of a variety of carcinogens, partic¬ 
ularly the polycyclic aromatic hy¬ 
drocarbons, and some of the carcin¬ 
ogenic viruses are immunosuppres¬ 
sive only at doses far in excess of 
those known to cause cancer, or 
they are immunosuppressive using 
routes of administration unrelated 
to the carcinogenicity studies (57). 
For other chemicals or viruses 
shown to be carcinogenic in various 
animals, immunosuppressive prop¬ 
erties could not be demonstrated. 
Also, many experimental models 
were shown to be unaffected when 
immunosuppressants, such as aza- 
thioprine or cyclophosphamide, 
were administered concurrently or 
sequentially with the carcinogenic 
agent (58). 

Although a marked increased 
prevalence of malignancies occurs 
in immunocompromised patients 
(59), all types of malignancies are 
not increased; only B-cell lympho¬ 
mas, Kaposi’s sarcoma, and cuta¬ 
neous, oral, anal, and uterine cer¬ 
vical squamous cell carcinomas 
(Fig. 10) are increased (59, 60). As 
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Figure ID. Diagrammatic representation of the role of immune surveillance of various 
infectious organisms in the etiology of specific cancers. The immune system normally 
controls the acute infection. If the patient is immunosuppressed {hereditary, transplantation, 
AIDS), chronic proliferative effects ensue from the uncontrolled infections, occasionally 
resulting in malignancy. 


described above, these malignan¬ 
cies have been associated with vi¬ 
ruses. E33V is present in the B-cell 
malignancies and HPV in the squa¬ 
mous cell carcinomas. Kaposi’s sar¬ 
coma occurs in AIDS patients, pos¬ 
sibly arising from the Tat gene of 
HIV or gro wth factors liberated by 
stimulated T-cells, or other, yet to 
be identified, factors (61). The 
common biologic theme among 
these tumors is a chronic increased 
proliferation of the target cells re¬ 
sulting from persistent, new, or 
reactivated viral infections. Im¬ 
munity controls the extent of pro¬ 
duction and persistence of these 
viruses. 

Thus, immune surveillance is 
germane to carcinogenesis with 
these specific, virus-induced tu¬ 
mors. Surveillance, however, is not 
against malignant cells but against 
the infectious organisms. As indi¬ 
cated above, excellent examples of 
this are the E B V-induced lymphoid 
malignancies in immunosup¬ 
pressed patients that result from a 
failure of T-cells to recognize Ep- 
stein-Barr viral antigens on the 
surface of infected B-cells and to 
eliminate them. The sustained cell 
proliferation leads to a substan¬ 
tially increased risk of cancer. 

Although there is little evidence 
to support the immune surveillance 


theory of carcinogenesis as origi¬ 
nally described in the 1950s and 
1960s, immune surveillance is plau¬ 
sible for microbe-induced cancers 
that act primarily through produc¬ 
ing mitogenesis. The immune sys¬ 
tem under Darwinian evolutionary 
pressures evolved to protect the 
host against life-threatening infec¬ 
tions and not cancer. Malignancies 
occur largely during the postre- 
productive period and, thus, natu¬ 
ral selection would not occur. How¬ 
ever, immunologic regulation of the 
invasiveness and metastatic poten¬ 
tial of cancers, such as melanomas, 
bladder carcinomas, leukemia, 
lymphoma, and renal cell carcino¬ 
mas, may be important (62). 

CHRONIC INFLAMMATORY 
PROCESSES 

As summarized above, many 
chronic inflammatory processes in¬ 
crease the risk that cancer might 
develop. In addition, in the gas¬ 
trointestinal tract, notable exam¬ 
ples are the association of chronic 
atrophic gastritis with gastric car¬ 
cinoma (63) and chronic ulcerative 
colitis with colonic carcinoma (64). 
A chronic necroinflammatory proc¬ 
ess results in sustained regenera¬ 
tive proliferation of cells that gain 
a proliferative, and possibly a sur¬ 


vival, advantage greater than the 
surrounding normal tissue. Gastric 
intestinal metaplasia or colonic ep¬ 
ithelial dysplasia ensues that can 
develop into proliferative foci, ad¬ 
enomatous polyps, and adenocar¬ 
cinomas. 

The presence of agents that en¬ 
hance the proliferative process, 
such as high salt intake or Helico¬ 
bacter infections associated with 
the stomach (63, 65), or bile acids, 
high fat, and low fiber diets with 
the colon (66), predisposes to de¬ 
velopment of cancer. Conversely, 
dietary calcium, high fiber, and low 
fat are associated with decreasing 
colonic cancer risk by decreasing 
proliferation (66, 67). 

Gallstones and gallbladder and 
biliary tract cancer (68), tropical 
phagedenic ulcer and squamous cell 
carcinoma of the skin (69), and 
chronic esophagitis secondary to 
gastric reflux leading to Barrett’s 
esophagus and adenocarcinoma 

(70) are other situations character¬ 
ized by sustained cellular prolifer¬ 
ation and frequent carcinogenesis 
(Table 1). 

In a similar vein, high rates of 
growth of normal tissues are also 
associated with an increased risk of 
cancer. For example, osteogenic 
sarcoma incidence peaks during ad¬ 
olescence when growth is marked 

(71) . Osteogenic sarcomas in older 
individuals are frequently associ¬ 
ated with Paget’s disease, a disease 
associated with an increased prolif¬ 
erative process of the osteoblasts 

(72) . 


CELL PROLIFERATION AND 
CHEMICAL CARCINOGENS 

Numerous chemicals and chem¬ 
ical mixtures increase the risk of 
developing cancer, including ciga¬ 
rette smoking, snuff use, betel quid 
chewing, aromatic amines, polycy¬ 
clic aromatic hydrocarbons, nitro- 
samines, and others as detailed in 
a recent IARC monograph (26). 
Most of these chemicals are both 
mutagenic in short-term screening 
assays and carcinogenic in a variety 
of species. They are also cytotoxic 
to the target tissue, resulting in 
regeneration and increased cell 
proliferation (Fig. 11). At toxic 
doses, a sharp increase in the rate 
of tumor formation is observed. 
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Table 1. Some of the Chronic Conditions Associated with Increased Cell 
Proliferation and Increased Risk of Cancer Development 


Organ 

Chronic Condition 

Skin 

Phagedenic ulcer 

Esophagus 

Reflux esophagitis with Barrett's esophagus 

Stomach 

Chronic atrophic gastritis 

Colon 

Chronic ulcerative colitis 

Liver 

Cirrhosis 

Gallbladder 

Cholelithiasis 

Bone 

Paget's disease 


CHEMICAL CARCINOGEN 



GENOTOXIC N0N-GEN0T0X1C 


1. Threshold unlikely 

2. Dose-response may be affected 
by cell proliferation 

(usually loxicity related 
at high doses) 


Reaction with 
cell receptor? 



PROLIFERATIVE 


PROLIFERATIVE 


1. Threshold questionable 

2. Usually effective at 
low doses 


1. Threshold likely 

2. Usually related 
to toxicity and 
regeneration 


Figure 111. Diagrammatic representation of proposed classification of chemical carcinogens 
based on their ability to react directly with DNA or cell receptors. Cell proliferation affects 
the dose-response of all classes of chemical carcinogens [From Cohen and Ellwein (12)]. 


Similarly, UV radiation is asso¬ 
ciated with skin carcinomas (73); 
high energy radiation with cancers 
of the bone marrow (leukemia), 
thyroid, breast, and other tissues 
(73); and thorotrast with liver and 
kidney cancers (74). These forms 
of radiation are obviously geno- 
toxic, but the development of tu¬ 
mors secondary to radiation is fre¬ 
quently associated with chronic, 
destructive-regenerative processes. 

Although the carcinogenic syn¬ 
ergism associated with the prolif¬ 
erative effects of chemicals has 
been best documented in experi¬ 
mental animals, this likely holds 
for humans also. For example, cig¬ 
arette smoke is toxic to the respi¬ 
ratory epithelium, leading to 
chronic bronchitis and squamous 
metaplasia, associated with in¬ 
creased cedi proliferation (75). In 
addition, cigarette smoking pro¬ 
duces hyperplasia and carcinoma of 
the urinary bladder (76). Snuff and 
other orally used tobacco products 
contain many carcinogens, but 
they are also associated with 


chronic inflammatory, regenera¬ 
tive processes in the oral cavity and 
pharynx (77). Likely, the combi¬ 
nation of their genotoxicity and in¬ 
creased cell proliferation results in 
cancer in these tissues in humans. 

When tested in experimental 
bioassays for carcinogenic activity, 
a large proportion of chemicals that 
are negative in various short-term 
mutagenicity screens show carcin¬ 
ogenic activity in mice and/or rats 
(78). This raises concern regarding 
the interpretation of these data and 
the extrapolation of potential risk 
to humans for compounds in the 
environment or food supply. A ma¬ 
jor complication in assessing risk 
from these chemicals is that tu¬ 
mors usually occur only at high, 
often toxic, doses that are fre¬ 
quently associated with increased 
cell proliferation of the target tis¬ 
sue (12). 

For nongenotoxic chemicals that 
demonstrate proliferative effects 
only at very high doses, a no-effect 
threshold might exist (12). For ex¬ 
ample, when melamine is adminis- 
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tered to rats or mice at high doses, 
urinary calculi form, and ulti¬ 
mately, bladder tumors develop 
(12, 79, 80). When lower doses of 
melamine are administered and 
calculi do not form, cell prolifera¬ 
tion is not increased and no tumors 
form. The data regarding melamine 
and related compounds that induce 
calculi in experimental animals 
only at high doses imply that there 
is no carcinogenic risk for humans 
exposed at low doses, where calculi 
do not form. The Environmental 
Protection Agency (EPA) has re¬ 
cently followed this pragmatic logic 
and an understanding of biologic 
mechanisms in interpretating data 
for melamine (81). 

Another example with a similar 
mechanistic action is sodium sac¬ 
charin. It induces bladder cancer 
only in rats, particularly in males, 
but not in mice, hamsters, or mon¬ 
keys (12, 82). The tumorigenic ef¬ 
fect of sodium saccharin is likely 
due to formation of silicates in the 
urine of male rats. Factors, includ¬ 
ing pH, protein, sodium, silicate, 
and saccharin, reach critical levels 
in the urine following feeding of 
high doses of sodium saccharin to 
rats. A threshold effect is likely. If 
lower doses of sodium saccharin are 
administered, silicate precipitates 
and crystals do not form, cell pro¬ 
liferation is not increased, and 
there is no increased tumor for¬ 
mation. Moreover, the critical set 
of urinary parameters in the rat 
following high doses of sodium sac¬ 
charin is not present in humans, 
mice, or monkeys. Hence, humans 
appear to be resistant and would 
not be expected to develop bladder 
cancer even at extremely high 
doses of sodium saccharin. 

Assessment of risk of chemical 
compounds is controversial. Regu¬ 
latory agencies are determining 
whether differences should be 
made in interpreting data between 
nongenotoxic and genotoxic com¬ 
pounds. Genotoxic compounds 
generally do not appear to have a 
threshold regarding their genotoxic 
effects, but the tumorigenic re¬ 
sponse is greatly augmented at 
doses producing increased cell pro¬ 
liferation. In contrast, most (if not 
all) nongenotoxic compounds 
likely require a threshold dose for 
increasing cell proliferation, and 
consequently, they are likely to 
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have a no-effect threshold with re¬ 
spect to tumorigenesis. This is par¬ 
ticularly true for nongenotoxic 
chemicals that act through a mech¬ 
anism not directly involving a cell 
receptor. 

Substantial difficulties arise in 
interpreting the carcinogenic po¬ 
tential of many chemicals, exem¬ 
plified by asbestos (83). For exam¬ 
ple, controversy continues as to 
whether asbestos itself is geno- 
toxic, since it has clastogenic activ¬ 
ity in some cell culture systems. 
Also of significance, exposure of 
limited duration to asbestos is ac¬ 
tually lifetime exposure, since it re¬ 
mains within the mesothelial cells. 
Thus, it provides a chronic prolif¬ 
erative stimulus even if the actual 
environmental exposure was rela¬ 
tively brief The challenge remains 
to ascertain whether there is a min¬ 
imal level of chronic proliferation 
that determines whether there is a 
no-effect threshold exposure level 
with respect to asbestos-induced 
carcinogenesis in humans. 


CONCLUSIONS 

We have presented a two-event 
model of carcinogenesis, wherein 
agents increase the likelihood of 
developing ca ncer by increasing the 
probability of genetic damage dur¬ 
ing each cell mitosis or by increas¬ 
ing the number of cell divisions 
subject to spontaneous genetic 
damage probabilities (i.e., cell pro¬ 
liferation), or by doing both. 
Whether cancer occurs by two, or 
more, critical genetic events, these 
two general mechanisms remain as 
the only ones by which an agent 
can increase cancer risk. Agents 
causing direct genetic damage dur¬ 
ing cell division, such as radiation 
and genotoxic chemicals, are not 
likely to have a threshold for car¬ 
cinogenic response. Further, the 
dose-response can be significantly 
influenced by the cytoxicity and 
regenerative hyperplasia that fol¬ 
low exposure to these agents at 
high doses. 

For agents that act only by in¬ 
creasing cell proliferation, whether 
nongenotoxic chemicals, infectious 
organisms, or chronic inflamma¬ 
tory processes, the magnitude and 
duration of the increased prolifer¬ 
ative processes are integral to car¬ 


cinogenesis. Brief responses will 
probably not be associated with a 
detectable increased risk of cancer, 
since any increased proliferation 
will be of short duration and con¬ 
tribute little to the total number of 
cell divisions during which spon¬ 
taneous genetic damage might oc¬ 
cur. 

Both genetic damage and in¬ 
creased cell proliferation act in hu¬ 
man and in animal carcinogenesis. 
Study of the complex of biochemi¬ 
cal and physiologic adaptive and 
maladaptive tissue processes offers 
numerous opportunities for en¬ 
hancing our understanding of the 
carcinogenic process and for de¬ 
signing preventive intervention 
strategies. 
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Cell Proliferation in Carcinogenesis 

Samuel M. Cohen and Leon B. Ellwein 


Chemicals that induce cancer at high doses in animal 
bioassays often fail to fit the traditional characterization 
of genotoxins. Many of these nongenotoxic compounds 
(such as sodium saccharin) have in common the property 
that they increase cell proliferation in the target organ. A 
biologically based, computerized description of carcino¬ 
genesis was used to show that the increase in cell prolif¬ 
eration can account for the carcinogenicity of nongeno¬ 
toxic compound. The carcinogenic dose-response rela¬ 
tionship for gene toxic chemicals (such as 2-acetylamino- 
fiuorene) was ;ilso due in part to increased cell 
proliferation. Mechanistic information is required for 
determination of the existence of a threshold for the 
proliferative (an d carcinogenic) response of nongenotoxic 
chemicals and the estimation of risk for human exposure. 


C ERTAIN CHEMICALS HAVE LONG BEEN ASSOCIATED WITH 
cancer in humans, and animal models have been developed 
to study processes involved in the transition from a normal 
to a cancer cell (i). Enuring the past two decades, emphasis has been 
shifting from the use of animal models primarily for the study of 
carcinogenic mechanisms to the use of animals to assay for carcino¬ 
genic potential of chemicals (2). Research has been directed more at 
quantitatively estimating the risk to humans. Traditionally, risk 
assessments have entailed the use of various mathematical and 
statistical formulations to extrapolate from results of high-dose 
animal bioassays to 'Estimates of risk at low doses ( 3 ). However, 
high-dose tumor response data are inadequate for this purpose, as is 
most evident when efforts are made to predict a threshold below 
which there is no effect. These limitations indicate the need to base 
risk assessments on knowledge of the biology of tumor formation. 


S. M. Cohen is the HavEk- Wall Professor of Oncology, Department of Pathology and 
Microbiology, and Eppley Institute in Cancer Research, and L. B. Eliwcin is Professor, 
Department of Pathoiogy ajad Microbiology, and Associate Dean, College of Medicine, 
University of Nebraska Medical Center, Omaha, NE 68198. 
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We have developed a model of carcinogenesis, based on biological 
data and principles, that we originally used as an analytical tool to 
interpret results of experiments with the bladder carcinogen N-[4- 
(5-nitro-2-furyl)-2-thiazolyI]formamide (FANFT) in rats ( 4 ). We 
demonstrated quantitatively that the tumorigenic effects of FANFT 
administration result from its dose-dependent genotoxic and prolif¬ 
erative effects, and that the proliferative effects operated only at, the 
highest doses employed ( 4 , 5). 

The model can be viewed as an assembly of dynamic relationships 
between variables that contribute to tumor production (Fig. 1), and 
incorporates several biological suppositions. A fundamental assump¬ 
tion is that cells exist within one of three states, normal, initiated 
(intermediate), or transformed, and that transitions between states 
occur or are irreversibly fixed only in replicating cells. These 
transitions are assumed to take place in a stochastic fashion and 
represent genetic changes introduced during cell replication, possi¬ 
bly with the involvement of oncogenes or tumor suppressor genes 
( 6 ). Transformed cells arc those that are malignant, not cells in 
benign lesions. In the absence of a genotoxic exposure, the probabil¬ 
ity of a transition occurring is small but not zero (thus accounting 
for spontaneous tumors). The likelihood of producing a cancerous 
cell is increased if cither the probability of a genetic transition or the 
rate of cell replication is increased. 

Another model that also incorporates the effect of cell prolif¬ 
eration and was validated using human epidemiology data lends 
further support for a two-event hypothesis for carcinogenesis (7). 
Although based on similar biological parameters, our model uses a 
different mathematical construct. To represent the biological 
dynamics within the target organ, we resorted to a recursive 
simulation. Beginning with its early development period, the status 
of the cell population in the target organ was computed in simulated 
time using the probabilities for each possible event (mitosis, genetic 
transition, or death) facing each cell within each of a series of specific 
time intervals. Calculations for each subsequent time interval incor¬ 
porate the results of the preceding interval. The probabilities of 
mitosis or death are estimated by observation of cell proliferation 
and cell number at various times, and the probabilities of genetic 
transition were inferred by a comparison of model outcomes with 
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Fig. 1. A mathematical model of carcinogenesis 
that entails two ijTevcrsiblc transitions, from nor¬ 
mal (N), to initiated (I), to transformed (T) ceil 
populations. Population mitotic rates, Mn, Mi, 
and Mr, respectively, and cellular differentiation 
(and death) rates Dn, Dj, and Dr are primary 
model inputs. The interaction of these rates deter¬ 
mines the size of cell populations. Initiation and 
transformation iTansitions occur randomly during 
cell replication, represented by the probabilities pi 
and pr- Model inputs are dependent on dose and 
animal age. Mode! outputs that can be validated 

with experimental data include target organ size _ , 

(total number of cells), number of initiated cell * lme 

foci (hyperplastic foci in the liver), and the proba¬ 
bility of a visible tomor. The model is implemented computationally using stochastic simulation. 




the observed time course of tumor development at the particular 
dose being simul ated. Although this simulation approach precludes 
the possibility of' directly estimating genetic transition probabilities 
and other expeiimentally unobservable model parameters using 
statistical inference, it does not risk the mathematical oversimpli¬ 
fication required for the derivation of a computationally tractable 
expression that would relate tumor incidence to cellular proliferation 
and genetic transition variables. The quest for closed-form expres¬ 
sions is problematical because of the multiplicity of cellular states 
and the time- and dose-varying nature of the numerous cell behavior 
variables. 

To illustrate the critical role of cell proliferation in carcinogenesis, 
we discuss here two prototypical compounds: a genotoxic carcino¬ 
gen, 2-acetylaminofluorene (2-AAF), and a nongenotoxic agent, 
sodium saccharin. 


2-Acetylamirlofluorene (2-AAF) 

To determine the tumorigenicity of 2-AAF at low doses, more 
than 24,000 female BALB/c mice were fed different doses (30 to 
150 ppm) of 2-AAF for different periods of time (9 to 33 months) 
and killed at various intervals between 9 and 33 months of study 
(8). This “megameuse” experiment was designed to detect a 1% in¬ 
crease in the prevalence of tumors (thus is referred to as the EDoi 
study) in two targtt organs, liver and urinary bladder. Rather than 
demonstrating how to extrapolate to low doses, this study raised 
additional questions (8-10). The dose-response curve for the liver 
was nearly linear down to the lowest amount administered, 30 
ppm. In contrast, the dose-response curve for the bladder was 
nonlinear. At doses below 60 ppm, there was no detectable in¬ 
crease in bladder tumor prevalence compared to controls, whereas 
prevalence increased sharply at doses above 60 ppm. Examina¬ 
tion of tumor resjponse as a function of time complicated the issue 
further (9 ). 

Initially, investigators postulated that the differences in dose- 
response curves between liver and bladder could be explained by 
differences in 2-AAF toxicokinetics, and that binding of 2-AAF to 
DNA would not occur in the bladder below some threshold, 
whereas in liver even the lowest doses would have an effect. 
However, the administration of 2-AAF to BALB/c mice at similar 
and lower doses (5 to 150 ppm) produces a linear dose-response 
relationship for DNA adduct formation in both the liver and 
bladder (11). 

The Armitage-Doll multi-stage model was also applied to explain 
the differences in 2-AAF response between liver and bladder tissues, 
leading to the postulation of a one-hit carcinogenic phenomenon for 
the liver and a three-liit process for the bladder (11). By accounting 
for the proliferative effects of 2-AAF in addition to its effects on 

iooS 


DNA, which the Armitage-Doll model is unable to do, we are able 
to explain both dose-response curves using a two-event model of 
carcinogenesis (10). 

Liver response to 2-AAF. In normal hepatocytes, 2-AAF is metabo¬ 
lized to its active, N-sulfated metabolite, which forms DNA adducts 
(11-13). This is reflected in our model by raising the probability of 
the first genetic event (pi) above background. In contrast, cells in 
hyperplastic foci do not metabolize 2-AAF as readily, and considera¬ 
bly fewer DNA adducts are formed (12). Apparently, 2-AAF has a 
negligible effect on the probability of the second genetic event (pr). 
At doses utilized in the EDoi study, enlargement of the liver is not 
observed (S), providing evidence of no increased hepatocyte prolif¬ 
eration. Thus, the only apparent impact of 2-AAF on the liver was 
an increase in pi over background levels; pr and hepatocyte mitotic 
rates remained at background levels and were not affected by 2-AAF 
administration. 

Mitotic rates in the normal adult liver are relatively low (labeling 
index < 0.1%). During the high proliferative phase of organ devel¬ 
opment, occasional cells are likely to become initiated, even with a 
low, background value for pj. The remainder of the animal’s life can 
then provide sufficient opportunity for at least one of these initiated 
cells to progress to a transformed cell, and then proliferate to a 
tumor of detectable size. In the EDoi study, spontaneous liver 
neoplasms were observed in 2.3% (n = 383) of control mice 
sacrificed at 24 months and 34.8% (n — 23) of mice sacrificed at 33 
months (8), illustrating the influence of elapsed time on tumor 
development. 

With a potent genotoxic compound such as 2-AAF, the relatively 
small number of cells initiated spontaneously during organ develop¬ 
ment is insignificant compared to the number initiated by reaction 
with 2-AAF metabolites (because of the increased pi). The large 
number of initiated cells after exposure to 2-AAF, in combination 
with subsequent proliferation and transformation at background 
rates, results in an increased prevalence of liver tumors, particularly 
as the animal ages beyond 2 years (Fig. 2). At doses higher than 
those used in the EDoi study, 2-AAF also increases compensatory 
proliferation of surviving hepatocytes and sharply increases tumor 
prevalence as early as 6 months (13). 

Bladder response to 2-AAF . Metabolism of 2-AAF in the liver also 
involves production of the N-glucuronide, which accumulates in the 
urine and is hydrolyzed to an electrophile that can react with both 
normal and initiated urothelial cells (11, 14). Thus, 2-AAF affects 
both pi and pr in the bladder. The relationship between 2-AAF dose 
and DNA adduct formation is apparently linear within the 5 to 150 
ppm range (11). In contrast to the situation in liver, 2-AAF induces 
urothelial hyperplasia at doses ^60 ppm (Fig. 3) (8). Modeling the 
interaction of these responses to 2-AAF effectively duplicates the in 
vivo results (8, 10) (Fig. 2). Below 60 ppm, the apparent lack of 
increase in tumor prevalence reflects the minimum experimental 
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Fig. 2. Model results for 
effects of duration of expo¬ 
sure (18, 24, or 33 

months) and 2-AAF dose 
on liver tumor (—-) and 
bladder tumor (—) preva¬ 
lence in mice. These ana¬ 
lytical results have been 
demonstrated as being 
consistent with actual data 
from the ED 0 i studv (8, 
10 ). 


Fig. 3. Effect of normal 
growth, duration of expo¬ 
sure, and 2-AAF dose on 
total number of liver hepa- 
tocytes (-—) and bladder 
urothelial cells (—) in 
mice. The increase in 
number of hepatocytes 
parallels the normal 
growth of the liver (10). 

The increase in bladder cell number caused by 2-AAF is quantified from 
histopathology information from the ED 01 study (5, 10). 2-AAF administra¬ 
tion began at approximately 1 month of age. 



Ags (months) 


detection limit (1%) rather than the absence of tumors. At the 
higher doses, increased cell proliferation has an impact, and an 
increase in tumor formation occurs. From our modeling analyses of 
hypothetical situations, we calculated that if 2-AAF influenced only 
pi and pr in the bl adder, tumor prevalence at 24 months would be 
4% at a dose of 150 ppm, whereas, if only cell proliferative effects 
were present, the corresponding rumor prevalence would be 6%. 
The prevalence with both operating simultaneously is 88%, suggest¬ 
ing a synergistic effect between genotoxicity and proliferation. 


Sodium Saccharin 

Dietary administration of high doses of sodium saccharin (NaS) 
to rats over two generations results in a significant increase in the 
frequency of bladder cancer, particularly in males (IS, 16). In these 
two-generation studies, NaS feeding begins in the dam, is continued 
through gestation and lactation periods, then through the lifetime of 
the offspring. Subsequent experiments have shown that NaS admin¬ 
istration beginning at birth results in essentially the same tumor 
prevalence as with NaS administration from conception (16), but 
NaS administration started after weaning usually produces an 
insignificant response (15, 16). However, if the post-weaning rat is 
first treated with a short regimen of a bladder carcinogen, such as 
FANFT, N-butyl-N-(4-hydrotyhutyl)nitrosamine (BBN), or N- 
methyl-N-nitrosourea (MNU), followed by NaS, rumors result (5, 

* 7 ). 

Unlike 2-AAF, saccharin is nucleophilic, is not metabolized to a 
reactive electrophile, does not react with DNA, and is not mutagen¬ 
ic in most short-term assays (17). However when NaS is adminis¬ 
tered to the rat at high dietary doses, proliferation in the urothelium 
increases, resulting in mild focal hyperplasia (17). 

Role of cell prolifemtion. Modeling analyses demonstrate that NaS- 
induced cell proliferation is sufficient to account for the increase in 
bladder tumor prevalence after exposure to NaS (18). In the 
FANFT-NaS experiments, tumors are produced by the stimulating 
effect of NaS on the dynamics of a pool of FANFT-initiated cells. 
Because a nonzero probability of spontaneous genetic transforma¬ 


tion (pr) is associated with each mitosis of an initiated cell, an 
increase in the mitotic rate after exposure to NaS increases the 
number of opportunities for transformation. 

In studies where, NaS administration is not preceded by initiation 
with a genotoxic compound, it is possible to produce an increased 
number of initiated cells strictly by the increase in proliferation that 
occurs when NaS administration is begun early in the developmental 
period. Because the bladder already has a maximally proliferating 
epithelium during gestation (labeling index approximately 10%), 
NaS administration during the in utero period does not further 
increase the proliferation rate (17). However, during the 3 weeks 
after birth, the labeling index normally declines to <0.1%. Al¬ 
though relatively brief, this 3-week period is of disproportionate 
biological importance because approximately one-third of the total 
number of cell divisions in a raffs 2-year life-span occur during this 
period (18). A significant increase in cell proliferation rates during 
the 3 weeks after birth, coupled with the background probability of 
spontaneous genomic errors, can substantially increase the number 
of initiated cells. In assessing the carcinogenicity of nongenotoxic 
chemicals such as NaS, it is critical to consider the increased number 
of initiated cells generated during fetal and neonatal development 
and the resulting increase in tumor prevalence to experimentally 
detectable levels (17). 

An increase in the number of initiated cells caused only by excess 
proliferation has also been demonstrated in male rat bladders after 
weaning. The epithelium was ulcerated by freezing, and the result¬ 
ant burst of mitotic activity was comparable to that seen during fetal 
development (19). Within 3 to 4 weeks the epithelium healed and 
returned to mitotic quiescence and normal morphology. Neverthe¬ 
less, if high doses of NaS are subsequently administered, bladder 
tumors result. In terms of our model, a sufficient number of initiated 
cells are generated spontaneously during the regenerative hyperpla¬ 
sia such that the increased and sustained proliferative activity 
induced by NaS generates tumors (18, 19). 

Proliferative mechanism and threshold. Utilizing traditional risk assess¬ 
ment methods, the results described above in male rats with 
extremely high doses of NaS can be extrapolated to arrive at an 
approximate calculated risk for humans exposed to low doses of NaS 
(20). However, there is clearly a need to understand the underlying 
mechanisms of carcinogenesis by nongenotoxic compounds before 
any rational estimate of human risk can be made. The complexity of 
the task in risk assessment is indicated by the finding that female rats 
are much less susceptible to bladder tumorigenesis in response to 
NaS than males, and mice, hamsters, and monkeys are resistant even 
at high doses (15, 17). 

The different salt forms of saccharin produce markedly different 
urothelial proliferative responses (21). Potassium saccharin some¬ 
what increases urothelial proliferation relative to controls, but less 
than does NaS. Urothelial proliferation after treatment with calcium 
saccharin and acid saccharin is statistically indistinguishable from 
controls; thus it might be assumed that neither calcium saccharin 
nor acid saccharin would be carcinogenic in the rat model. Absorp¬ 
tion and urinary excretion of the saccharin anion is similar regardless 
of which form of saccharin is administered, but the physiological 
changes in the urine associated with the high loads of the different 
salts produce marked differences in urinary pH, ion concentrations, 
volume, and osmolality. The changes in pH and salt concentrations 
do not alter the ionic structure of saccharin, and there is no evidence 
that saccharin interacts directly with a urothelial cell receptor (17). h 
similar increased proliferative and tumorigenic activity in the male 
rat urothelium following chemical initiation is seen with high dose 
of several other sodium salts of weak to moderate organic adds, 
many of which are naturally occurring and essential for the well¬ 
being of living organisms, including vitamin C, glutamate, and 
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bicarbonate (5, 17). No tumorigenicity is observed when the acid 
form of these c hemicals was tested (5, 17). 

We have recently observed that, in addition to the normally 
present MgNE 4 P 04 crystals, many crystals in the urine of rats fed 
high doses of NaS contain silicate, and a large amount of a flocculent 
precipitate that contains silicate is also present (22). The silicate 
crystals and precipitate appear to act as micro abrasives or cytotoxic 
material for urothelial cells, resulting in focal necrosis and conse¬ 
quent regenerative hyperplasia. Silicate precipitate and crystals 
require protein for their formation (23). Saccharin binds to urinary 
protein, particuJariy a 2 U -globulin (24), thus enhancing the precipita¬ 
tion and crystallization that only occasionally occurs in control male 
rats (25). Urinary acidification inhibits silicate precipitation and 
inhibits the proliferative effects of NaS. High levels of urinary 
sodium and prot ein enhance silicate precipitation (23). The principal 
factor that appears to predispose the male rat to silicate crystal 
formation following NaS feeding is the presence of large quantities 
of normally occurring urinary protein, especially the protein specific 
to the male rat, a 2u *globulin (24). The female rat has much less 
urinary protein that the male and is less responsive to the prolifera¬ 
tive and tumorigenic effects of NaS on the urothelium. The mouse, a 
species that is not responsive to saccharin even at NaS levels of 7.5% 
of the diet (at legist three times the apparent threshold level in male 
rats), has low levels of urinary protein and did not form silicate 
crystals when fed NaS (25). 

The multiple physical-chemical parameters in the male rat suggest 
that a fairly high threshold exists for NaS dose in producing silicate 
crystals. It is extremely unlikely that the silicate precipitates and 
crystals would form in humans under normal conditions of NaS 
ingestion, since human urine has very little protein and has less 
sodium than rai: urine. This is consistent with the general lack of an 
association in humans between NaS ingestion and bladder cancer or 
hyperplasia (20> 26, 27). 


Classification of Chemicals for Human Sisk 
Assessment: 

The current practice is to classify chemicals as initiators, promot¬ 
ers, complete carcinogens, or progressing agents. In light of the 
demonstrated ability of compounds to increase the risk of cancer by 
either directly altering DNA, increasing cell proliferation, or both, 
distinctions blur and traditional terminology is inadequate. We fed 
it is useful to classify chemical carcinogens into those that interact 
with DNA (genotoxic) and those that do not (nongenotoxic) (Fig. 
4) (28). Many of the latter chemicals act by increasing cell prolifera¬ 
tion, either by direct mitogenesis of the target cell population or by 
cytotoxicity and consequent regenerative proliferation. Genotoxic 
chemicals (2-AAF and numerous others, such as diethylnitrosamine, 
dimethylnitrosamine, and FAN FT') usually do not exhibit a thresh¬ 
old for the interaction with DNA, and, at higher doses, may cause 
cell death resulting in cell proliferation (5, 29). This dual effect of 
genotoxic chemkds frequently leads to a dose-response curve 
similar to that of‘2-AAF in the bladder described above. A modest 
rate of increase in tumor prevalence at low doses is due only to a 
genotoxic effect, an d a much greater rate of increase at higher doses 
is due to the synerg istic influence of increased cell proliferation. The 
actual dose- and lime-response for a chemical is dependent on 
whether the compound has a genotoxic effect, a proliferative effect, 
or both, and whether it affects normal or initiated cells, or both. 

The nongenotoxic chemicals can be further categorized by their 
mechanisms of action, if known. For example, phorbol esters, 
dioxin, and hormones each interact with a cellular receptor (30), 
whereas NaS (17), antioxidants (31), thin films, hepatotoxins, and 


nephrotoxins (28) act through a non-receptor mechanism. Cytotox¬ 
icity, direct mitogenesis, or both can also occur with chemicals 
acting through cell receptors (such as the phorbol esters) (28, 30). 
Compounds acting through specific receptors tend to be active at 
low doses, and it is unclear whther a no-effect threshold could be 
ascertained for these compounds. Similarly, chemicals that are 
directly mitogenic to target cells may or may not have a threshold. In 
contrast, most, if not all, compounds that act solely through a 
cytotoxic mechanism would be expected to have a no-effect thresh¬ 
old above which cytotoxicity becomes apparent. Below the thresh¬ 
old, cytotoxicity and increased cell proliferation would not occur, 
and there would be no increased risk of tumors. Interpretation of 
long-term bioassays for nongenotoxic chemicals must take into 
account aspects of nonreceptor mechanisms. 

Examples of a dose-response threshold occur with uracil and 
melamine (32). If sufficiently high doses of either of these nongeno¬ 
toxic chemicals are fed to rats or mice, urinary calculi, urothelial 
proliferation, and tumors occur. If the dose is below the minimum 
at which calculi occur, there is no increased cell proliferation or 
tumor formation. 


Cell Proliferation as a Predictor of 
Carcinogenesis 

Despite the importance of ceil proliferation in carcinogenesis, 
short-term assays of increased cell proliferation in response to 
nongenotoxic chemicals are likely to prove as inadequate as short¬ 
term genotoxicity assays for predicting carcinogenicity. Some chem¬ 
icals induce only a temporary or mild increase in proliferation that 
may not be adequate to produce a detectable increase in tumor 
prevalence within the lifetime of the experimental animal. Also, 
increased proliferation must occur in cells susceptible to cancer 
development, rather than in nonsusceptible cells, such as terminally 
differentiated cells, that may also be present in the target organ. For 
example, turpentine can cause proliferation of the skin, but is a very 
weak skin tumor promoter (33). Turpentine primarily increases 
proliferation of the keratinocytes rather than the dark basal cells that 
are the apparent precursors of skin tumors. 

Confusion can also arise with chemicals such as cyclophospha¬ 
mide (34). Although it is extremely cytotoxic to the bladder 
epithelium, leading to a marked regenerative hyperplasia, it is also 
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Fig. 4. Proposed classification scheme for carcinogens. The effect of 
genotoxic chemicals can be accentuated if cell proliferative effects are also 
present. Nongenotoxic chemicals act by increasing cell proliferation directly 
or indirectly, either through interaction with a specific cell receptor or 
nonspecifically by (i) a direct mitogenic stimulus; (ii) causing toxicity with 
consequent regeneration; or (iii) interrupting physiological process. Exam¬ 
ples of the latter mechanism include TSH stimulation of thyroid cell 
proliferation after toxic damage to the thyroid, and viral stimulation of 
proliferation after immunosuppression. 
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cytotoxic to any bladder tumor cells that might form. If cyclophos¬ 
phamide is administered at doses high enough to be genotoxic but 
below those that are cytotoxic, the prevalence of bladder tumors is 
increased in animals and humans. At higher cytotoxic doses, regen¬ 
erative hyperplasia occurs but no tumors are produced. 

There are numerous indications in humans that prolonged, 
increased cell proliferation is necessary for the development of 
tumors, particularly for hormonally related tumors such as estrogen- 
related endometrial carcinomas (35). It appears that most virally 
related human mmors are also a result of sustained increased 
proliferation. For example, Epstein-Barr virus (EBV) stimulates B 
lymphocyte proliferation. When a patient is immunosuppressed, 
whether due to heredity, immunosuppressive drugs associated with 
transplantation, or AIDS, the B-ceil proliferation cannot be con¬ 
trolled, and there is an appreciable increase in the risk of B-cell 
lymphomas {36). Hepatitis B virus (HBV) can produce chronic 
hepatitis and cirrhosis, characterized by persistent necrosis and 
regenerative hyperplasia, and is also associated with an increased 
incidence of hepatoma (37). 

It would appear that increased cell proliferation also contributes 
to the development of tumors secondary to various chemical 
exposures in humans. For example, cigarette smoking is known to 
cause bladder cancer in humans, perhaps due to a hyperplastic effect 
on the urotheliurn of many cigarette smokers, in addition to the 
probable genotoxic damage that occurs (27). 

As the mechanisms of carcinogenesis become more thoroughly 
understood, a mo;re rational approach can be taken for extrapolation 
from high dose experimental data in animals to low dose natural 
exposure and assessment of the risk faced by human populations 
exposed to chemical agents. The effects of toxicity and consequent 
cell proliferation are particularly critical for nongenotoxic agents, 
because a threshold effect is likely. 
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THE ROLE OF EXPERT JUDGMENT IN 
RISK ANALYSIS 




1 . 


USE OF EXPERT JUDGMENT IN RISK ANALYSIS 

a. There is no Question That Expert Judgment is 
Needed; The Only Question is Whether to Use 
11 Explicit ly 

b. It Requires No More Use of "Art" Than Any 
Other Field 

c. Expert Judgment May Not Provide the Solution; 
However, It Will Often Show You Where and How 
to Seek It 

d. Properly Applied, Expert Judgment Can Assist 
In: 


Identifying Decision Alternatives; 

Validating Analytical Models; 

Assessing Influencing Parameters 

Note: False Assumptions Relative to 

A Parameter, Such as Its Degree of 
Independence, Can Significantly Affect 
The Final Results 

e. Expert Judgment Should Reflect Current Knowledge 
and Quantify Attendant Uncertainties; While the 
Additional Information Provided Will Help Reduce 
Ignorance, It Will Not Necessarily Reduce Uncertainty 

f. Although Expensive, Its Use "Up Front" Can be Very 
Cost-Effective in Terms of the Avoidance of Delays 
and Associated Costs at Later Stages 
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2. 


HOW MUCH DATA ARE SUFFICIENT 


a. Expert Judgment is not a Substitute for Data When 
It can be Readily Obtained 

b. Expert Judgment Should Follow Only After an Agreed 
Upon Level of Effort to Perform Additional Scientific 
Studies, and to Analyze and Evaluate the Resulting Data, 
Has Been Met 


3 . 


OBSERVATIONS ON THE USE OF EXPERT JUDGMENT 

a. It Is Well Established as a Tool in Risk Analysis 

b. Its Use is Mandatory Where Data are Inadequate; However, 
It Should Not Be Used as a Replacement for "Hard” Data 

Co Proper Application of Expert Judgment Requires Care, 

Planning, Documentation, and Resources. Protocols for 
Elicitation Should Be Systematic, Visible, and Easily 
Understood 


d. It Should Not Be Conducted as Simply a Poll of Experts; 

It Should Include Explicit Articulation of the Principles, 
Reasoning, and Data on Which the Judgments are Based 

e. Its Formal Solicitation Can and Should Clearly Explicate 
the Uncertainties for the Decisionmakers; At the Same 
Time, It Should be Recognized That Such Judgments 
Represent Only "Snapshots" in Time of Prevelant Opinion; 
They Are Not a Means for "Revealing" Truths 

f. The Methodology Used Can Significantly Influence the 
Result of the Process; Key Factors Include: 

Identification and Selection of Issues; 

Identification, Selection, and Use of Experts 
and Solicitors; 

The Biases of the Expert and Elicitors; 

The Methods for Aggregating the Results 

g. An Important Issue is Estimating the Magnitude of the 
Uncertainty, Especially Where Data Are Limited 

^ h. In All Cases, the Selected Approach (or Conclusion) 

Should be Justified; The Most Conservative Approach 
Should Not Necessarily Be Chosen Simply Because the 
Data Are Inadequate 
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4. 


OBSERVATIONS FROM PAST USE OF EXPERT PANELS 


a. There Is Always a Lack of Sufficient Time for 

Adequate Iteration With the Experts on Their Results 

b* The Definition of Issues is Always Critical; This 

Involves a Balance Between the Freedom of the Expert 
and Overdefining and Overconstrueting the Issues 

c. Anonymity Should be Avoided; Knowledge of the 
Sources of Specific Opinions Improves The 

Defensibi1ity of the Results 

d. Each Expert Should be Encouraged to Analyze the 
Questions Indepth Prior to the Panel Being Convened 

e ■» A Full Range of Weighting Strategies Should be 
Evaluated in Aggregating the Results 


5. QUESTIONS TO BE CONSIDERED IN THE USE OF EXPERT JUDGMENT 

a. How Should the Experts Be Identified and Selected? 

b* What Are The Preferred Methods for Using Formal 
Expert Judgment? How are the Mechanics of the 
Elicitations to be Carried Out? 

c. How Are the Pertinent Issues and Questions to be 
Selected? 

d. What Are The Pitfalls Associated With the Use of 
Expert Judgment? For Example, How Can Biases 
(Institutional and Motivational) Be Evaluated 
and Reduced? 

e. Is Dependency Among Experts (Mutual Influence) Desirable? 
If so, What Are the Appropriate Ways to Encourage It? 

If not. How Can It Be Minimized or Eliminated? 

f. Are There Appropriate Protocols for Weighting the 
Judgments of Experts and for Weighting Alternative 
Models and Their Results? If so, What Are the Criteria 
for Assigning Weighting Factors? 

g. How Should Judgments Be Aggregated? What Are The 
Criteria for Choosing an Aggregation Method? 

h. What is the Appropriate Level of Documentation for the 
Elicit ation? 

i. What Steps Should be Taken to Control the Potential 
Influence of Normative Experts on the Outcome? 
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QUESTIONS ON ELICITATIONS FROM SINGLE EXPERTS 


6 . 


a. Lack of Benefit of Interaction with Peers 

b. Assumptions Underlying' Judgments May Not Be 
Articulated 

c. Expert May be More Subject to Motivational 
and Cognitive Biases 

d* Quantification of Uncertainty Will Generally 
be Less 

e. Results May be Less Defensible; A Single Expert 
(Versus a Panel) May Have Less Credibility 
With Outside Groups 


7. SELECTION AND ORGANIZATION OF PANEL MEMBERS 

a. They Can Be Selected on the Basis of: 

Their Publications ; 

Their Relevant Experience; 

Their Experimental Knowledge; 

Their Degree of Cooperation; and 
The Input From Outside Groups 
(These Can Be Solicited by Mail 
or Through an RFP) 

b. Should They Be Organized Horizontally of 
Ver tically? 

Vertical Interaction is Helpful; 

Horizontal May Make Interfaces Difficult 
(They Must Interact to Exchange Information 
at Each "Nodal" Point) 


8 . 


TRAINING OF PANEL MEMBERS 

a. Is Required for Essentially All Panel Members 

b. Should Be Designed to Sensitize the Experts 
on How Their Information Will be Used and How 
It Could Be Abused 

c. Should Recognize That Motivational Biases (Hidden 
Agenda) Are Less Responsive Than Cognitive Biases 
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9♦ PITFALLS AND ADVANTAGES OF THE PANEL APPROACH 

a. Dominant Personalities May Heavily Influence 
the Results: 

Avoid by Having Each Member Formally 
Document His/Her Opinion and Rationale; 

Experts Can Also Be Required to Construct 
Probability Distributions for Their 
Positions 

The Greatest Sources of Bias Are Unstated 
Assumptions 

b. To Avoid Criticism, It is Often Necessary to 
Use "Experts" With Relatively Shal1ow-Knowledge 
of the Subject: 

This May Require Training That Can 
Introduce Biases 

c. To Overcome Biases, Panels Can be Made Up of 
Experts With Diverse Perspectives: 

While This Can Remove Some of the Biases, 

It May "Fix" the Results 


10 . 


BENEFITS OF THE PANEL APPROACH 


a. All Members Can Be Provided the Same Information 


b. Approach or Thoughts of Each Will Be Transparent 
for Other Members to Review 

c. Positions Will Change As a Result of New Information 
Provided and Group Dynamics 
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11. 


STEPS IN THE PANEL PROCESS 

a. The Issues Must be Identified and Selected 

b. The Experts Must be Identified and Selected 

c. The Issues Must be Discussed and Refined 

d. The Experts Must be Trained for Elicitation 

e. The Information Must be Elicited 

f. The Results Must be Analyzed and Aggregated, 
and Disagreements Resolved 

h. The Results Must Be Documented and Communicated 
to the Needed Parties 


12. GUIDANCE FOR GOOD PANEL OPERATIONS 


a. Ambiguity Can Be Minimized by Making the Questions 
Specific 

b. If Final Conclusions Are to be Aggregated, They 
Must Be in the Same Format 

c. If an Expert Has Difficulty Quantifying an Answer, 
Decompose the Question for Which He/She Can Construct 
Answers 
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13. 


GUIDANCE ON PANEL METHODOLOGY 

a. The Methodology Must Allow Different Experts to 
Share Each Others r Information so that Each Expert 
Can Base His/Her Ultimate Judgment on a Common Set 
of Information 

b. The Methodology Must Provide for Significant Inter¬ 
actions Among the Experts, So That They Can Share 
Different Perspectives and Approaches 

c* The Methodology Must Allow The Experts to Define or 
Redefine the Questions Being Asked, So That They 
Can Answer the Questions in Their Terras 

d. The Methodology Must Lead to the Conduct of the 
Proceedings in a Manner so as to Motivate the 
Experts 

e. The Methodology Must Provide Structured Ways in Which 
"Biases" (Different Perspectives) Can Be Identified, 
Brought to the Surface, and Subjected to Scrutiny 

f. The Methodology Must Allow Sufficient Time so That 

the Experts Can Perform Their Own Research and Analysis; 
Usually This Calls for Two Iterations in the Elicitation 

g. The Methodology Must Recognize That the Questions Being 
Addressed Do Not Have One "Correct" Answer, or Even "One" 
Correct Approach 

h. The Methodology Must Provide Full Documentation of What 
Happened, What Factors Underlie the Judgments of Each 
Expert, and Why; This Means That Each Expert Must be 
Comfortable With the Way in Which His/Her Judgment is 
Documented 
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AGGREGATION OF CONCLUSIONS OF INDIVIDUAL PANEL MEMBERS 


a. The Opinions of "Mainstream" Experts Can be 
Requested to Evaluate the Expertise of Individual 
Panel Members 

b. If a Rationale Exists to Reject the Opinion of One 
or More Panel Members, This Can Be Done; However, 

Any Quick Ploy to Remove Dissenting: Opinion Must 
Be Avoided 

c. Oftentimes It is Important to Retain the Component 
Contributions of Individual Panel Members, Even if 
Only One Aggregated Result is Needed in the Particular 
Application 

d. Forced Consensus Compromises the Defensibi1ity of the 
Results 


15. 


DOCUMENTATION OF THE ELICITATION 

a. It Should Include Unambiguous Specification of * 
the Events for Which Probabi1ities Were Assessed 


b. The Assessed Probabi1ities for Those Events Should 
be Clearly Expressed 

c. The Data, Reasoning, Models, and Calculations Used 
in the Assessments Should be Documented, As Well As 
How and Why They Were Used 

d. The Documentation Should Also Include a Rational 
Basis for Eliminating and/or Not Documenting Any 
Information That Was Considered to be "Obvious" 
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CONCLUSIONS 


a. Expert Judgment is a Necessary Part of Risk Analysis 

b. Expert Judgment Must be Applied in Both an Explicit and 
Implicit Manner, With a Reasonable Division Between the 
Two 

c. The Final Product Should Include Detailed Information 
on the Principles, Rationale, and Data On Which the 
Conclusions are Based 

d* Where There are Major Weaknesses in the Experimental 
Data, the ’'Strengths” of Expert Judgment Can Be 
Extremely Helpful 

e* Explicit Expert Judgment is Primarily Designed to Aid 
in Decision Making; It is Not There^ Solely to Provide 
a "Warm Fuzzy Feeling” 1 


17. OTHER CONCLUSIONS 

a. Where the Reasoning Process Can Be Understood (and 
Accepted by Other Reasonable People), A Decision 
Based on Expert Judgment Should Stand Up in the 
Cour t s 


b. Although the Process of Solicitation of the Experts 

is Important, the Legal System Will Be More Interested 
in the Facts and Rationale for the Decision 

c. The Primary Purpose of Expert Judgment is to Provide 
a Foundation on Which the Decisionmakers Can Act 

d. Expert Judgment is Always Subject to Change and 
Should be Interpreted Accordingly 


Reference: 

Bonano, E. J., Hora, S. C., Keeney, R. L., and von Winterfeldt, D., 
’’Elicitation and Use of Expert Judgment in Performance Assessment 
for High-Level Radioactive Waste Repositories," Report NUREG/CR- 
5411, U.S. Nuclear Regulatory Commission, Washington, DC (May, 

1990) . 
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The Respiratory System as an 
Entry for Exposure 
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The Respiratory Tract as a Route of Exposure 

I. Major surfaces of the body: skin, respiratory tract, gastrointestinal tract. 

A. Histology and thickness of skin 

B. Absorption of materials from the GI tract. 

C. Basic anatomy and histology of the respiratory tract. 

II. Review of Particulate Deposition 

A. Forces acting to deposit particles in the lungs: 

1. Inertia. 

2. Gravitation. 

3. Diffusion. 

4. Interception. 

B. Factors determining the effectiveness of these forces: 

1. Aerosol characteristics. 

2. Parameters of respiration. 

3. Anatomy of the respiratory system. 

C. Predicting deposition of particles in the lungs. 

HI. Lung Clearance Mechanisms 

A. Clearance from the ciliated regions of the lungs: mucus transport. 

1. Frequency and quality of the ciliary beat. 

2. Quantity and rheological properties of the mucus. 

B. Clearance of particles from the non-ciliated regions of the lungs. 

1. Role of alveolar macrophages. 

2. Lymphatic drainage. 

3. Permanent stores. 

C. Uptake and distribution of inhaled gases. 

IV. Fate of Toxic Materials that Enter the Body 

A. The Circulation. 

1. Anatomy and physiology. 

2. Overall patterns. 

B. Elimination: transfer of materials back to the outer environment. 

1. Via lungs. 

2. Via gut. 

3. Via kidney. 

C. Metabolic changes and detoxification mechanisms. 
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I. The Respiratory Tract 

Human Jung surfaces, because of their primary function of gas exchange, are brought into intimate 
contact with irritating gases and airborne particles. The mass of air we inhale each day far exceeds 
the mass of material entering into our GI tract. The same thinness and extensive area that qualify the 
air-blood barrier for the rapid exchange of oxygen and carbon dioxide reduce its effectiveness as a 
barrier to inhaled micro-organisms, allergens, carcinogens, toxic particles, and noxious gases. Inhala¬ 
tion of these agents can initiate or at least aggravate chronic obstructive lung disease. Particularly in 
the cases of cigarette smoking and occupational exposures, the health consequences of particle depo¬ 
sition and toxic gas uptake are increasingly being demonstrated. To assess adequately the risk of a 
particular exposure, an understanding of the factors involved in the deposition and clearance of 
inhaled substances is needed. Therefore, the mechanisms which are pertinent to particle deposition 
and clearance will be described, and the relationship of these respiratory defense mechanisms to the 
pathogenesis of lung disease will be presented. 


II. Review of Deposition: 

A. Deposition is the process that determines what fraction of inspired particulates will be caught in 
the respiratory tract and thus fail to exit with the expired air. Several distinct processes following 
physical laws operate to move particles suspended in the inspired air toward the surface of the 
respiratory tract: inertial forces, sedimentation, Brownian diffusion, and interception. It is likely 
that all particles deposit upon touching a surface, and thus the site of initial deposition is the site of 
contact. 

1. Inertia refers to the tendency of moving particles to resist changes in direction and speed. 

Repeated branching in the airways cause sudden changes in the direction of air-flow; however, 
because of inertia, particles tend to continue in their original direction, crossing air-flow 
streamlines and eventually impacting on the airway walls. 

2. Gravity accelerates falling bodies downward, and terminal settling velocity is reached when 
viscous resistive forces are equal and opposite in direction to gravitational forces. Respirable 
particles reach this constant terminal or sedimentation velocity in less than 0.1 msec. Thus, 
particles are also removed as their terminal velocity causes them to strike the airway walls or 
alveolar surfaces. 

3. Ae rosol particles also undergo Brownian diffusion, a random motion caused by collisions of gas 

molecules with particles suspended in the air; this motion also causes the particles to cross 
streamlines and reach lung surfaces where they will deposit. 


B. The effectiveness of these deposition mechanisms depends on: (1) the size distribution of aero¬ 
dynamic diameters of the particles, (2) the pattern of breathing, and (3) the anatomy of the 
respiratory tract. These factors will determine not only the fraction of the inhaled particles that 
are deposited but also the site of deposition. 

1. The effective aerodynamic diameters of particles determine the magnitude of forces acting on 
them. For example, while inertial and gravitational effects increase with increasing particle 
size, diffusion produces larger displacements as particle size decreases. Effective aerodynamic 
diameter is a function of particle size, shape, and density. In order to predict deposition pat¬ 
terns, it is essential to describe the distribution of aerodynamic diameters of particles in the 
aerosol. Two commonly-used parameters summarizing the size distribution are the mass 
median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD). 
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2. Another factor modulating site and amount of deposition is breathing pattern. Minute volume 

defines the average flow velocity of the aerosol-containing air in the lung and the total number 
of particulates to which the lung will be exposed. Increasing the velocity of gas flow enhances 
deposition by inertial impaction. Respiratory frequency will affect the residence time of aero¬ 
sols in the lungs and hence the probability of deposition by gravitational and diffusional forces. 
Changing lung volume will alter the dimensions of the airways and parenchyma. 

3. The anatomy of the respiratory tract is important since it is necessary to know the diameters of 

the airways, the frequency and angles of branching, and the average distances to alveolar 
walls. For a given inspiratory or expiratory flow rate, airway anatomy determines local linear 
velocity of the air stream and the character of the flow. A significant change in the effective 
anatomy of the respiratory tract occurs when there is a switch between nose and mouth 
breathing. In addition to warming and humidifying the air, the nose prevents penetration of 
large particles and highly soluble gases to the remainder of the respiratory system. The nar¬ 
row cross section of the airway here results in high linear velocities. The sharp bends in direc¬ 
tion of airflow and the nasal hairs both promote impaction of aerosols. Particle deposition 
exhibits variability due to inter- and intra-species differences in lung morphometry; even 
within the same individual, the dimensions of the respiratory tract vary with changing lung 
volume, with aging, and with pathological processes. 


C. The ICRP lung model (See reference 5) provides some predictions for the percentage deposition 
of piirticles for an adult human breathing a 1,450 ml tidal volume, 15 times a minute. Deposition 
in file nasopharynx ranges from 50.2% of the inspired particles with 2.0 pm MMAD to 95.6% of 
20 pm particles. Deposition in the tracheobronchial compartment decreases from 3.6 to 1.0% as 
the JdMAD increases from 2.0 pm to 20 pm and finally, deposition in the pulmonary compartment 
decreases from 21 to 2.6% as MMAD increases from 2.0 pm to 20.0 pm. The predictions of the 
ICRP lung model are summarized in the graph below: 



-Aerosol deposition in respiratory tract. Tidal volume is 1,450 ml; frequency, 15 
breaths per minute. Variability introduced by change of sigma, geometric standard de¬ 
viation, from 1.2 to 4.5. Panicle size equals diameter of mass median size. (Adapted from 
Task Group on Lung Dynamics') 
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HI. Lung Clearance Mechanisms: 

Clearance refers to the dynamic processes that physically expel particulates from the respiratory tract; 
it is the output of particulates previously deposited. Highly soluble particles dissolve rapidly and are 
absorbed into the blood from the respiratory tract. Their metabolism and excretion resemble that of 
an intravenously injected dose of the same material. 

A. Ciliated Regions 

1. Less soluble particles that are deposited on the mucus blanket covering pulmonary airways are 

moved toward the pharynx by the cilia. Also present in this moving carpet of mucus are cells 
and particles which have been transported from the non-ciliated alveoli to the ciliated airways. 
Similarly, particles deposited on the ciliated mucus membranes of the nose are propelled 
toward the pharynx. There, mucus, cells, and debris coming from the nasal cavities and the 
lungs meet, mix with salivary secretions, and enter the gastrointestinal tract after being swal¬ 
lowed. Since the particles are removed with half-times of minutes to hours, there is little time 
for solubilization of slowly dissolving materials. In contrast, particles deposited in the non- 
ciliated compartments have much longer residence times and hence, there, small differences in 
in vivo solubility can have great significance. 

2. A number of factors can affect the speed of mucus flow. They may be divided into two 

categories: those affecting the cilia themselves and those affecting the properties of the 
mucus. The following aspects of ciliary action may be affected: the number of strokes per 
minute, the amplitude of each stroke, the time course and form of each stroke, the length of 
the cilia, the ratio of ciliated to non-ciliated areas, and the susceptibility of the cilia to intrinsic 
and extrinsic agents that modify their rate and quality of motion. The characteristics of the 
mucus may become critically important. The thickness of the mucus layer and its rheological 
properties may undergo wide variations. Typical mucus carpet flow rates in the major airways 
are 5-10 mm/min. 


B. Non-Ciliated Regions 

1. Particles deposited in the non-ciliated portion of the lungs are either moved toward the ciliated 

region, primarily within alveolar macrophages, or they enter the alveolar wall and accumulate 
hi connective tissue, especially lymph nodes. Particles remaining on the surface are cleared 
with a biological half-time estimated to be twenty-four hours in humans, while particles that 
have penetrated into “fixed” tissues are cleared with half-times ranging from a few days to 
thousands of days. Therefore, the probability of particle penetration is critical in determining 
the clearance of particles from the non-ciliated regions of the lungs. 

2. Particles removed by alveolar macrophages show a variety of patterns and half-lives which are 

dependent upon particle number, size, shape and surface reactivity. However, generally alveo¬ 
lar macrophages act to decrease the probability of particle penetration, thereby aiding clear¬ 
ance. These free cells, ultimately derived from the hematopoietic system, play the primary 
role in removal of dust particles and potentially pathogenic micro-organisms from the alveoli. 
M ost free cells containing the deposited particles eventually reach the ciliated region of the 
lungs and are eliminated into the pharynx and swallowed. 

3. The digestive capacity of the pulmonary macrophage and its ample lysosomal endowment is 

reflected in its high content of hydrolytic enzymes. Although this clearly constitutes an impor¬ 
tant aspect of the lung’s defensive posture, when kept in a chronically activated state, this 
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digestive capacity may serve to damage pulmonary tissues. Release of lysosomal enzymes, 
particularly proteases, from activated macrophages and polymorphonuclear leukocytes may be 
involved in the development of emphysema Release may occur as a consequence of cell 
death, cell injury, or exocytosis. Other mediators released from these cells may also be 
involved in fibrogenesis. Since increased particle deposition acts to recruit additional macro¬ 
phages and other cells, these untoward effects may be reinforced by increased dust deposition. 


IV. Retention and particle excretion. 

The actual amount of a substance in the respiratory tract at any time is called the retention. When 
the isxposure is continuous, the equilibrium concentration (achieved when the clearance rate matches 
the deposition rate) is also the retention. Thus, the relative rate constants of deposition and clearance 
determine the equilibrium levels; it is the equilibrium level, or retention integrated over time, and the 
properties of the particle that are presumably related to the probability of a pathological response. 
The pathological consequences of dust retention may be a result of its allergic, irritant, carcinogenic, 
infective, or other properties. Continuing research focusing on the deposition and clearance of dusts 
and the significance of their retention is needed. 



-Particle deposition sites and clearance processes based on ICRP lung model. 
Symbols are as follows: (a), uptake of material from N-P region directly into bloodstream; 
(b), clearance of ill particulate matter from N-P region by ciliary-mucous transport; (c), 
absorption of material deposited on T-B surface into systemic circulation; (d), T-8 clear¬ 
ance by ciliary-mucous action. Particles thus cleared go quantitatively to gastrointestinal 
tract; (e), direct absorption of material from pulmonary region into blood; (f) relatively 
rapid clearance of P region (in reality, coupled to ciliary-mucous transport system); (g), 
relatively slow clearance process, also coupled to N-P ciliary-mucous mechanism; (h), 
removal of matter into lymph system; and (i), secondary pathway in which particles 
cleared by pathway h are introduced into systemic blood. (Adapted from Task Group on 
Lung Dynamics') 


Table 1.—Clearance Constants for Use With Lung Mode!* 


Com¬ 

partment 

Pathway 


Clearance Constantst 


Class D 

Class W 

data Y 

N-P 

(a) 

4 min/0.50 

4 mfn/0.10 

4 min/0.01 


(b) 

4 min/0.50 

4 min/0.90 

4 min/0.99 

T-B 

CO 

10 min/0.50 

10 min/O.tO 

10 min/0.01 


(d) 

10 min/0.50 

10 mln/0.90 

10 min/0.99 

P 

(e) 

30 min/030 

80 days/0.15 

360 days/0.05 


(f) 

NA 

24 hr/0.40 

24 hr/0.40 


(o) 

NA 

80 days/0.40 

360 days/0.40 


(h) 

30 mfn/0.20 

80 deys/O.OS 

360 days/0.15 

L 

fl) 

30 min/1,00 

©0 days/1.00 

360 days/0.10 


• Adapted from Task Group on lung Dynamics. 1 

t First value is biological half-time: second, national fraction. Lymphatic clearance for 
eiaai Y compound* indicate* that 10% regional fraction follow* 36CHday bioiopica! half-time. 
Remaining 90% it presumed to be permanently retained In nodes and subject only to radio¬ 
active decoy. 
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Table 1 


ANA TOMY OF EPITHELIAL BARRIERS 


Interface 
with Environment 

Area 

(m 2 ) 

Thickness from 

Environment-to-Blood 

(fim) 

Organ Weight 
{kg) 

skin 

1.8 

1004000 

12 

gastrointestinal 

200 

842 

7 

lungs 

140 

0.2-0.4 

0.8 




Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


Table 2 


FUNCTION OF EPITHELIAL BARRIERS 


Interface 

with Environment 

Basal Blood Flow 
{liter/min) 

Cell Turnover 
{days) 

Basal Exposure 
Rate 

skin 

0.5 

12 

variable 

gastrointestinal 

1.4 

3 

2 kg/day 

lungs 

5.8 

28 

24 kg air/day 




Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Table 3 


i 


Browninan diffusion (root-mean-square) in 1 second compared with distance 
fallen in 1 second for unit density particles of different diameter " 



Particle Diameter 
(pm) 

Diffusion 
in 1 second 
(pm) 

Distance Fallen 
in 1 second 
(pm) 

Settling greater in 1 s 

50 

1.7 

70,000 


20 

2.7 

11,500 


10 

3.8 

2,900 


5 

5.5 

740 


2 

8.8 

125 


1 

13.0 

33 

Diffusion greater in Is 

0.5 

20 

9.5 


0.2 

37 

2.1 


0.1 

64 

0.81 


0.05 

120 

0.35 


0.02 

290 

0.013 


0.01 

570 

0.0063 


* Temperature, 37°C; gas viscosity 1.9 x 10 ~ 5 Pa-s; 
appropriate correction factors applied for motion outside the range of validity of Stoke’s Law. 
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The Respiratory Tract as a Portal of 
Entry for Toxic Particles 
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Our ambient, external environment poses a constant threat to the life 
and health of cells that make up our body. The external environment is 
cold, dry, septic (putrefactive), toxic, and widely variable in chemical 
composition, salinity, and acidity. In contrast, our internal environment 
is represented by the fluid that surrounds our cells and keeps them 
alive. The internal environment is warm, wet, sterile, and nontoxic, and 
has an ionic-chemical composition that is closely regulated by 
homeostatic processes. The internal and external environments 
confront each other across epithelial barriers, comprising primarily the 
skin, the gastrointestinal tract, and the respiratory system. These 
barriers are differentially susceptible to attack, and the route by which 
a toxic insult enters the body can determine its effectiveness. Pure 
water in the lungs or pure air in the circulating blood are more life 
threatening than polluted air in the lungs or alcohol in the circulation. 

The purpose of this chapter is to contrast the three major portals 
of entry, with particular emphasis on the lungs and the entry of inhaled 
particles. Our lung surfaces, due to their primary function of gas 
exchange, come into intimate contact with irritating gases and 
airborne particles. The same thinness and extensive area that qualify 
this air-blood barrier for the rapid exchange of oxygen and carbon 
dioxide reduce its effectiveness as a barrier to inhaled microorganisms, 
toxic particles, and noxious gases [1]. Inhalation of these agents may 
initiate or aggravate lung disease. In order to assess adequately the 
risks of inhaled-partide exposure, we need to characterize the fate of 
particles entering the respiratory tract. 

< 
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ANATOMICAL CHARACTERISTICS 


FUNCTIONAL DIFFERENCES 


Some of the anatomical differences between the skin, gastrointestinal 
tract, and the respiratory system are summarized in Table 1. The skin 
envelops the outside of the body and is a mechanically strong 
epithelium, with many complex specializations such as hairs, nails, 
pigmentation, and glands. The total weight of skin (dermis plus 
epidermis) is about 12 kg in a 70 kg human. The gastrointestinal tract is 
a long tube topologically continuous with the skin at both ends and 
exhibits absorptive and surface area specializations along its length; its 
total weight is about 7 kg. The respiratory system begins at the mouth 
as a single pathway that repetitively bifurcates into a complex 
branched system of tubes, which terminate in blind-ended sacs, the 
alveoli. The lungs, being air-filled, contribute only about 1 % to body 
weight, or 0.8 kg [2]. The skin, gastrointestinal tract, and lungs have 
important elastic and smooth muscle components, but the lungs are 
unique in that an important function, that is, expiration, is crucially 
dependent on its elastic properties alone. 

In the context of route-to-route extrapolation, the significant 
anatomical characteristics of these barriers are their surface area and 
thickness (Table 1). The barrier function of the skin is evident with its 
much smaller surface area (1.8 m2) and considerably greater thickness 
(100 to 1000 pm) when compared to the other two epithelial barriers. 
In the gastrointestinal tract, surface area is not limited to that of a 10-m 
long tube, but is augmented by intestinal folds, villi, and microvilli, to 
achieve a surface area equivalent to about a doubles tennis court 
(200 m2). Most of the gastrointestinal tract absorptive epithelium is 
simple columnar so that the distance from lumen to blood is 
approximately 8 to 12 pm. In the lungs, a large surface area (a singles 
tennis court, 140 m2) is achieved by repetitive branching (about 
16 generations) so that the initial tube, the trachea, is connected to 
300 million alveoli [3]. The gas-exchange epithelium is simple 
squamous, giving a very short distance (0.2 to 0.4 pm) between the air 
and blood. 


The functions of the skin are primarily those of a barrier, that is, to 
prevent entry of microorganisms and other environmental agents and 
to prevent water and heat loss. The gastrointestinal tract has 
absorptive capacities that are both active (i.e., can work against a 
concentration gradient) and well regulated (i.e., degree of absorption 
can be modified). In addition, bacteria that thrive in the 
gastrointestinal tract are prevented from entering the circulation. The 
respiratory epithelium exchanges oxygen and carbon dioxide, both of 
which diffuse passively down concentration gradients. The air-liquid 
interface of the lungs is an additional unique property of this barrier. 
Like the other two barriers, inhaled pathogens must be prevented from 
reaching the blood. However, the lungs also have other "functions", 
namely, vocalization, coughing, sneezing, and straining in defecation 
[4J. 


Some of the functional characteristics relevant to route-to-route 
extrapolation are shown in Table 2. The quantity of exposure is 
dramatically different among the several routes. On a daily basis, the 
mass of air we inhale (approximately 24 kg) exceeds by far the mass of 
material entering daily into our gastrointestinal tract (approximately 
2 kg). There are also important blood flow differences. The lungs 
always receive the total cardiac output. The gastrointestinal tract and 
the skin receive only a (variable) fraction of total blood flow. At rest, 
the gastrointestinal tract and skin receive about 25 and 10% of cadiac 
output, respectively. During exercise total cardiac output may triple, 
but the gastrointestinal tract percentage falls to 3%, and the skin 
percentage rises slightly to about 12% [2]. Flow in the gastrointestinal 
tract is generally unidirectional, proceeding from one orifice to the 
other. Flow in the lungs is tidal; that is, airflow reverses on a periodic 
basis, and air moves in and out of a single orifice. 

The time scale for throughput is another relevant consideration 
when assessing functional differences. Breathing is an act that must be 
continuous on a minute-by-minute basis, whereas the intervals 


Table 1. Anatomy of epithelial barriers. Table 2. Epithelial barrier dynamics. 


Interface with 
Environment 

Area 

(m2) 

Thickness from Environment 
to Blood (pm) 

Organ Weight 
(kg) 

Interface with 
Environment 

Basal Blood Flow 
(L/min) 

Cell Turnover 
(days) 

Basal Exposure Rate 

Skin 

1.8 

100-1000 

12 

Skin 

0.5 

12 

variable 

Gastrointestinal 

200 

8-12 

7 

Gastrointestinal 

1.4 

3 

2 kg/day 

Lungs 

140 

0.2-0.4 

0.8 

Lungs 

5.8 

28 

24 kg air/day 
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Inhalation of Airborne Particles 65 


between food and water intake can be much longer. This means that 
our choice of the air we breathe is less voluntary than of the food and 
water that we ingest. In fact, world-record breath-holding time 
(13 min, 42.5 sec) is much shorter than world-record fast duration 
(382 days) [5j. Finally, the dynamic range of breathing between sleep 
and heavy exercise can cover a factor of about 30 in minute ventilation, 
so that delivery of potentially polluted air to respiratory surfaces is 
dependent on state of exercise [4], 

INHALATION OF AIRBORNE PARTICLES 

One hundred years ago, in 1882, John Tyndall published his essay 
" Floating-Matter of the Air in Relation to Putrefaction and Infection 
Using the light-scattering instrument that bears his name, Tyndall 
showed that the air we exhale is less dusty than the air we inhale, thus 
demonstrating that the lungs act as a filter for airborne particles. The 
three main factors acting to bring inhaled particles in contact with lung 
surfaces are (1) settling under the influence of gravity; (2) particle 
inertia, which carries particles straight when airflow turns; and 
(3) particle Brownian diffusion from random gas collisions [6, 7]. The 
relative effect of particle settling versus diffusion can be appreciated by 
examining Table 3, which shows the relative amount of distance 
traveled by unit density particles of different size. For example, in 1 sec 
a 2-pm diameter particle diffuses a root-mean square distance of 
8.8 pm, whereas during the same time it falls 125 pm, so that settling is 
the dominant influence in moving the particle toward lung surfaces. 
On the other hand, a particle 0.1-pm diameter diffuses a distance of 
64 pm in 1 sec, but falls only 0.81 pm; thus Brownian motion is a more 
important deposition mechanism [8]. 

In addition to particle characteristics, aerodynamics of respiration 
and anatomy of the airspaces influence particle deposition. The nose 
acts as a prefilter, capturing very large particles (5 to 10 pm). Large 
particles are also susceptible to inertial impaction in the airways where 
flow is high and air streamlines change directions frequently. Particles 
that penetrate to the small bronchiolar and alveolar region can be 
collected rapidly by settling and diffusion. Total collection efficiency 
for the lung is lowest in the particle size range around 0.5 pm, because 
these particles do not settle very rapidly, yet they are too large to 
diffuse effectively (cf. Table 3, the sum of Brownian displacement in 
1 sec plus distance fallen in 1 sec is least for 0.5-pm particles). 
Aerodynamics of respiration also influences particle delivery and 
deposition. Minute ventilation can vary from a low of about 5 L/min at 
rest to a high of about 140 L/min, which is maximum voluntary 
ventilation. Delivery of particles to the lungs varies in direct proportion 


Table 3, Brownian diffusion (root-mean-square) in 1 sec compared with distance 
fallen in 1 sec for unit density particles of different diameters 



Particle Diameter 

(pm) 

ui/fusion in 1 sec 
(pm) 

Distance Fallen in 

1 sec (pm) 

Settling greater in 1 sec 

50 

1.7 

70,000 


20 

2.7 

11,500 


10 

3.8 

2,900 


5 

5.5 

740 


2 

8.8 

125 


1 

13.0 

33 

Diffusion greater in 1 sec 

0.5 

20 

9.5 


0.2 

37 

2.1 


0,1 

64 

0.81 


0.05 

120 

0.35 


0.02 

290 

0.013 


0.01 

570 

0.0063 


a Temperature; 37 °C; gas viscosity: 1.9x 10 5 Pa-s; appropriate correction factors 
are applied for motion outside the range of validity of Stokes Law, 


to minute ventilation. The ventilatory pattern can modify deposition. 
Slow, deep breathing delivers more particles distally than rapid, 
shallow breathing. Total deposition is greater with slow, deep 
breathing, and is more uniformly distributed than with rapid, shallow 
breathing [9,10]. 

Dose to the respiratory tract from inhaled particles is proportional 
to particle retention, and integrated particle retention is derived from 
the balance of the two processes: deposition and clearance. The 
mechanics of these processes are presently not understood well enough 
to calculate retention with confidence from a priori structure and 
function data. Comparison of experimental morphometric, 
physiologic, and cellular characteristics of the respiratory tract among 
different mammalian species allows some insight into mechanisms that 
may be important when using animal data to evaluate the human 
respiratory tract as a route of toxic particle entry [11]. Examples of such 
parameters include ventilation per unit surface area, average lung 
airspace size, mucociliary clearance rate, and pulmonary macrophage 
number per unit lung surfacearea (Table 4) [12,13]. 
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TABLE 4. Lung and alveolar macrophage parameters as they may relate to in vivo 
particle uptake. 





Mammalian Species 




Mouse 

Hamster 

Rat 

Guinea 

Pig 

Rabbit 

Dog 

Human 

Avg. body wt. (g) 

42 

122 

380 

430 

2600 

16,000 

74,000 

V L (mL) 

1.45 

3.9 

10.9 

13 

112 

1320 

4340 

S A (m2) 

0.125 

0.28 

0.66 

0.91 

3.3 

52 

143 

Alveolar 
diam. (pm) 

47 

60 

70 

65 

88 

126 

219 

Calculated # of 
alveoli (millions) 

18 

25 

43 ^ 

69 

135 

1040 

950 

Average # of 
lavagable AMs 
per animal 
(millions) 3 

0.67 

4.7 

4.9 

3.2 

30 

3800 

6400 

Calculated AMs 
per alveolus 

0.037 

0.19 

0.11 

0.046 

0.22 

3.7 

6.8 

Area patrolled by 
each AM (pm 2 ) 

190,000 

60,000 

140,000 

280,000 

110,000 

13,400 

22,000 

In vivo particle 
uptake by AM 
(I*, hours) 

7.1 

0.8 

4.2 


3.2 

Correlation 
coefficient 
with area = 
r 2 =0.99 


3 AM = Alveolar macrophage 


DEFENSE MECHANISMS FOR THE THREE ROUTES 

Defense against penetration of the skin relies primarily on the 
mechanical strength of the cornified layer skin in addition to the 
underlying stratified squamous cells, which are linked to each other by 
tight junctions. The sebaceous glands, which secrete an oily/waxy layer 
coating the skin, are an additional line of defense. However, even 
though the skin is resistant to aqueous toxins, ionic, organic, and lipid- 
soluble agents can penetrate. Carbon tetrachloride (CCI 4 ), 
organophosphate pesticides, and coal tar pitch volatiles (CPTV) are 
examples of toxic substances that can cross the skin and cause 
deleterious effects in the liver (CCI 4 ) or nervous system 
(organophosphates), or can cause skin (scrotal) cancer (CTPV). Finally, 
skin cells slough off with a time constant of 12 days so that toxins in the 
outer layers can be removed [14]. 
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The gastrointestinal tract has several first-line defenses: vomiting, 
the acidic environment of the stomach, and the proteolytic 
environment of the small intestine. The gut epithelium comprises 
metabolically active columnar cells, and uptake from the gut is selective 
to some degree. Furthermore, the constant throughput of the 
gastrointestinal tract assures that substances will remain in contact with 
the epithelium for only a limited amount of time. The turnover time of 
the gut epithelium is very rapid (about three days), and damaged, leaky 
cells are rapidly sloughed off and replaced by vigorous counterparts. 
Finally, because blood outflow from the gastrointestinal tract goes 
directly to the liver, toxins can be potentially deactivated before 
reaching the general circulation. 

The first line of defense of the respiratory tract are the cough and 
sneeze reflexes. In the nose, fine hairs filter out large particles. In the 
major airways, a mucus coating serves two defense functions. First, if 
particles settle on the mucus, the mouthward transport driven by the 
underlying cilia ensures that the particles are moved out of the lung 
and into the gastrointestinal tract, where they can be eliminated from 
the body. Second, for toxic, reactive gases, such as ozone, the mucus 
forms a protective layer that reacts with these agents and thereby 
protects the epithelium underneath. Surfactant in the alveoli may 
serve this role to a lesser degree due to its limited thickness. The 
alveolar epithelial cells provide less protection than those in the gut 
because they are thinner and less metabolically active. Moreover, the 
turnover time of the alveolar epithelium is about 28 days so that 
damage is not as easily repaired [15,16]. 

The alveolar surfaces are, however, protected by the pulmonary 
macrophage, a wandering, phagocytic cell that has remarkable 
properties in terms of recognizing, ingesting, and deactivating bacteria 
and particles [16, 17]. The phagocytic process not only exposes the 
particles (or pathogens) to lysosomal proteolytic enzymes, but also 
provides a transport mechanism whereby particles can leave the lungs. 
That is, an inhaled and deposited particle may of itself be completely 
immobile on the lung surfaces and thus fail to leave the lung over long 
periods of time. However, ingestion by a macrophage imparts the cell's 
mobility to the particle, and since the cell may ultimately translocate to 
the mucus carpet, this route of mechanical clearance now becomes 
available to the particle. Ingestion by the macrophage also helps 
prevent particle penetration through the epithelium into interstitial 
and lymphatic compartments where clearance likely proceeds by 
solubilization alone. 

The time scales of particle clearance are dramatically different 
between lung and gastrointestinal tract. Due to the continuous 
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motility of the gastrointestinal contents, ingested material generally 
passes out of the body in 24 h. Although this time constant is similar to 
the time needed for material caught in the mucus to be transported out 
of the lungs, clearance oT insoluble particles from the alveolar lung 
region takes much longer, with half times in the range of six months to 
several years [18,19]. 

The ability of the lung macrophage to clear insoluble particles 
depends on several factors: (1) the intrinsic ability of the macrophage 
to phagocytize particles, (2) the motile ability of the macrophage 
(which may be inhibited by increasing particle load) [20], (3) the 
amount of lung surface area patrolled by each macrophage, and (4) the 
average distance between the site of particle phagocytosis and the 
most distal point to which the mucociliary escalator extends. Intrinsic 
differences in phagocytic or motile ability among macrophages of 
different species have not been described, but if the number of 
macrophages lavaged from the lungs is an indication of the quantity of 
resident alveolar macrophages, then it would appear that there are 
systematic differences between the number of macrophages per 
alveolus and average lung surface area per lung macrophage. These 
comparisons are shown on Table 4. The number of lung macrophages 
recovered can be increased by "vigorous" lavage, but since this 
procedure has been applied extensively only in the rat, the figures used 
for lavagable alveolar macrophages apply to a more widely-used, 
gentler procedure. The calculations suggest that macrophages from 
the mouse and guinea pig must cover a larger surface area and 
phagocytosis of randomly deposited particles probably proceeds more 
slowly. In the hamster, dog, and human there are more macrophages 
per unit surface area, and thus, particles are likely reached sooner. For 
those species in which in vivo colloidal gold particle uptake has been 
studied, there is good correlation between halftime of gold particle 
uptake and the area patrolled per macrophage. 

SUMMARY 

With respect to the integrity of the various epithelial barriers, the 
respiratory tract seems to be the most susceptible to being breached. 
Various anatomical and functional characteristics of the lungs 
contribute to their being a major route of entry of pollutants into the 
body. The surface area of the lungs is comparable to the 
gastrointestinal tract, but the thickness of the epithelium is 
considerably less. The respiratory system has the greatest total mass of 
environmental media presented to it each day. The blood circulation 
through the respiratory system is greater than that of the 
gastrointestinal tract. Clearance of distally deposited material from the 


respiratory system is more complex and with a longer time constant 
than in the case of the gut. Finally, repair of epithelial injury is likely 
not as rapid as in the gut. in light of these considerations, it is 
surprising that iegisiation which seeks to protect us from carcinogens 
(U.S. Food and Drug Administration, Delaney Amendment) is more 
concerned about the presence of carcinogens in food products than 
carcinogens present in inhaled consumer products [21]. 

REFERENCES 

1 . E.R. Weibel, The Pathway for Oxygen, Structure, and Function in 
the Mammalian Respiratory System (Harvard University Press, 
Cambridge, MA 1984). 

2. A.J. Vander, J.H. Sherman, and D.S. Luciano, Human Physiology 
(McGraw-Hill, New York, 1990). 

3. P. Gehr, M. Bachofen, and E.R. Weibel, The normal human lung: 
Ultrastructure and morphometric estimation of diffusion capacity, 
Respir. Physiol. 32:121-140 (1978). 

4. J.B. West, Respiratory Physiology - The Essentials, 3rd ed. 
(Williams and Wilkins, Baltimore 1979). 

5. D. McFarlan, N.D. McWhirter, D.A. Boehm, C. Smith, J. Benagh, 
G. Jones, and R. Obojski, Guinness Book of World Records (Bantam 
Books, New York 1990) pp. 33-36. 

6 . M. Lippmann, D.B. Yeates, and R.E. Albert, Deposition, retention, 
and clearance of inhaled particles, Br. J. Ind. Med. 37, 337-362 
(1980). 

7. P.E. Morrow, Deposition and retention models for internal 
dosimetry ofthehuman respiratory tract. Health Phys. T2, 173-207 
(1966). 

8 . P.A. Valberg, Determination of Retained Lung Dose in: 
Handbook of Experimental Pharmacology, Vol. 75s, H.P. Witschi 
and J.D. Brain, eds. (Springer-Verlag, Berlin 1985) pp. 57-91. 

9. C.N. Davies, Deposition of particles in human lungs as a function 
of particle size and breathing pattern, an empirical model in: 
Inhaled Particles V., W.H. Walton, ed. (Pergamon Press, Oxford 
1982) pp. 119-135. 

10. P.A. Valberg, J.D. Brain, S.L. Sneddon, and S.R.LeMott, Breathing 
patterns influence aerosol deposition sites in excised dog lungs, 

; J;Appl. Physiol.: Respir. Environ. Exercise Physiol. 53, 824-837 
(1982). 

11. P. Gehr, D.K. Mwangi, A. Ammann, G.M.O. Maloiy, C.R. Taylor, 
and E.R. Weibel, Design of the mammalian respiratory system, 
V. Respir. Physiol. 44:61-86 (1981). 




Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 



70 TF. 


PIRATORY TRACT AS A PORTAL OF ENTRY 


12. P.A. Valberg and J.D. Blanchard, Pulmonary macrophage origin, 
endocytic function, and fate in: The Normal Lung: Comparative 
Pulmonary Biology. R.B. Schlesinger, cd. (Telford Press, Caidweii, 

NJ [in press]). 

13. P.A. Valberg, B.H. Chen, and J.D. Brain, Endocytosis of colloidal ! 

gold by pulmonary macrophages, Expt. Cell Res. 141, 1-14 (1982).' 

14. Reactions to Environmental Agents, Section 9 of Handbook of 
Physiology, S.R. Geiger, D.H.K. Lee, H.L. Falk, and S.D. Murphy, 

eds. (American Physiological Society, Bethesda, MD 1977). J 

15. J.D. Crapo, B.E. Barry, P. Gehr, M. Bachofen, and E.R. Weibel, Cell j 

number and cell characteristics of the normal human lung, Am. 1 

Rev. Respir. Dis. 125:332-337 (1982). 

16. S.P. Sorokin, Phagocytes in the lungs: Incidence, general behavior, | 

and phylogeny in: Respiratory Defense Mechanisms, Vol. 5. 

J.D. Brain, D.F. Proctor, and L. Reid, eds. (Marcel Dekker, New York 
1977) pp. 711-848. 

17. S.P. Sorokin, and J.D. Brain, Pathways of clearance in mouse lungs 
exposed to iron oxide aerosols, Anat. Rec. 181 , 581-625 (1975). 

18. D.H. Bowden, Macrophages, dust, and pulmonary diseases, Exp. 

Lung Res. 12, 89-107 (1987). 

19. A.O.S. Fels, and Z.A. Cohn, The alveolar macrophage, J. Appl. 

Physiol. 60,353-369 (1986). 

20. P.E. Morrow, Possible mechanisms to explain dust overloading of 
the lungs. Fund. Appl. Toxicol. IjJ, 369-384 (1988). 

21. B.D. Beck, E.J. Clabrese, and P.D. Anderson, The use of toxicology 
in the regulatory process in: Principles and Methods of 
Toxicology, 2nd Edition, A.W. Hayes, ed. (Raven Press Ltd., New 
York 1989) pp. 1-28. 


St'OSt’SSZOZ 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Avenues of Exposure -- Indoors & Outdoors 


Ryan 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


2025546046 



Int Arch Occup Environ Health (1983) 52 :285-300 


Limitations to the Use of Employee Exposure Data 
on Air Contaminants in Epidemiologic Studies 

Ulf Ulfvarson 

Arbetarskyddsstyreisen. National Board of Occupational Safety and Health. 
Ekelundsvagen 16, S-17184 Solna. Sweden 


Summary* The bias in the estimation of uptake of substances in the human 
body from exposure data gathered from ordinary workplace check-ups is dis¬ 
cussed. It is concluded that most exposure is probably overrated. This means 
that exposure limits based on these premises will tend to be too high. To 
counteract this bias in the future, Hied exposure data should be accompanied 
with information on a number of circumstances which prevailed at the 
sampling. 

Key words: Bias - Exposure data - Air contaminants - Work sites - Permissible 
exposure limits 


Introduction 

The purpose of an epidemiologic investigation is to establish a causal association 
between categories of events occurring in a group of persons: one category being, 
for example a disease in a certain proportion of the group and another category 
being an attribute or experience in a certain proportion of the group [21]. This 
attribute or experience in occupational health will often be an exposure to a 
known chemical or physical factor. The definition of noneffect levels of these 
factors or even the substantiation of dose-response or dose-effect relationships is 
of special interest for the purpose of setting or revising exposure limits [16j. This 
ambition as goal unfortunately is often hampered by the inadequacy of exposure 
data. 

The concept of exposure of an employee to a substance in the work environ¬ 
ment may denote at least two things. Jt may indicate the dose of the substance 
absorbed in the body. It may also merely indicate the presence ofthe employee in 
an environment in which there is a more or less well determined concentration of 
the substance, from which an uptake ofthe substance is deduced. The purpose of 
the following inquiry is to discuss the bias in the estimated uptake. Random error 
in concentration determinations, although important as such, is considered only 
briefly in this context. 
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Exposure measurements may be performed either in order to check if the 
^tfvir^npient complies with exposure limits or, at least in theory, in order to 
estimate the*'u0tyjce of a substance for the purpose of epidemiologic studies. It is 
important to separitfe two goals, since the outcome of measurements with 
one or the other purpose will be quite different. 

Most epidemiologic studies are retrospective. If a prospective investigation is 
considered, it is probably also justiiled to control the exposure, which will 
entirely change the premises of the investigation [16J. Consequently most 
epidemiologic studies are reduced to using data from measurements already 
made, and made for other purposes. Hence it is important to judge the relevance 
of the few data which may be found in the best possible way. The following 
factors and circumstances may affect the bias of estimated uptake deduced from 
exposure data: (a) the intention of the measurement, (b) the methods used and 
(c) the investigation strategy. These factors affect the representativeness of the 
exposure data. Additional factors affecting the uptake but not the concentration 
of contaminants in the air must also be considered. Such factors are (d) part-time 
exposure, (e) the use of respirators, (0 personnel rotation, (g) unfavourable 
distribution of exposure periods over time and (h) unusually hard work increas¬ 
ing the ventilation of the exposed individual. 


2. Methods 

2.1 Sampling of Air Contaminants 

The measurement of exposure to air contaminants may be performed by analysing their con¬ 
centration and variation with time in the inhaled air of the exposed employee. This can be 
accomplished by sampling close to the nose of the employee. This has been a regular practice 
“since the introduction of portable equipment including battery driven pumps in I960 [25]. it 
is also possible to estimate exposure from data on the concentrations in various places or 
“zones” where the employee is present [10) or from exposure data with regard to various 
occupational titles or uniform task classes to which the employee belongs (11,12.32). 

2.2 Investigation Strategies 

The purpose of this section is to list and describe sampling strategies which are in current use 
or may have been used in the past. 

2.2.1 Visits "Startcgv ” When no visits at all are made to a work place, this “strategy" may be 
a well founded choice or due to lack of resources, or even ignorance. 

2.2.2 Inspection. At its best an inspection is a qualified evaluation based upon surveying a place 
ofwork and a work operation, possibly combined with inference from earlier measurements at 
the same place of work or what are supposed to be similar places ofwork. Actual measure¬ 
ments may occasionally be performed at the inspection, c.g. by detection tubes or other direct 
reading instruments. When notations have been made regarding reactions to the environ¬ 
ment. e.g. smell of a substance or acute reactions of the employees as irritation, laehrymation 
or even fainting, conclusions as to the level of exposure may be drawn. The few data generated 
in an inspection are unlikely to be representative. The samples may refer to the general work 
room atmosphere or to the “worst case” without any reference in the records. 

2.2.3 Identification. This indicates sampling and analysis with the purpose of identifying 
unknown substances in the air. The samples may be taken, e.g. by a “high volume sampler” in 
a suitable position of the premises investigated or by other means depending on how the 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


2025546048 



Limitations to the Use of Employee Exposure Data on Air Contaminants 


287 


determinations are to be performed. Identification of unknown substances are meant to be 
just qualitative and any noted concentrations are not likely to represent normal conditions. 
The desire to collect enough material for a determination will probably lead to a positive bias, 
in such data. 

2.2.4 Finding "Worst Cases”. Random samples (grab samples) are taken during minutes or 
longer periods depending on the sensitivity of the analytical methods in the vicinity of 
operations and during phases of operations where high exposure is expected. The purpose is 
to get a measurement relevant to the “worst possible case” and also to check compliance with 
ceiling standards. “Whorst cases” are by definition not representative. If the results are applied 
to other groups within the same industry, the bias will be positive. 

2.2.5 Monitoring of Time Weighted Average Concentrations . The goal is to measure the daily 
average exposure of selected employees during normal production and to check compliance 
with exposure limits [28]. The samples may be taken as a number of short-period samples at 
random during a day or as full period samples [19,28]. If data are applied to other groups of 
employees, the bias may be positive or negative depending on how the selection was made. 

2.2.6 Work Area Sampling. This may indicate static sampling in the work area in order to 
investigate the background concentration of the air contaminant there with no particular 
regard to the exact position of the employees in the localities. Such sampling will in itself not 
reveal exposure. The level of exposure has to be derived from other data as well. These data 
may be incomplete or entirely lacking. Since the occupational hygienist may be inclined to 
sample where he can get high results, while the employees avoid “hot spots” if they can, the 
bias may be positive. 

Work area sampling may also indicate static sampling made with regard to positions of 
employees where an average concentration is likely. In this case, much random error in 
estimating individual exposure is likely, but not essentially biased. 

2.2.7 Emission Measurement. Measurement of the emission (weight unit of contaminants per 
time unit) from different sources of contamination is applied in a few instances. Emission 
measurements say nothing about the exposure. The calculations involved in order to derive 
the exposure are based on several very uncertian factors, e.g. production, ventilation, air 
movements, and positions of employees in the localities. 

2.2^8 Biological Sampling. When sampling and analysis of e.g. blood or urine from exposed 
employees is applicable, they are supposed to rellect uptake in individuals or groups in the 
best possible way. The relationship to exposure in the environment varies with the substance 
in a complicated way, however. Samples may be taken when a dangerous exposure is ex¬ 
pected, but it is also possible that all employees of a certain trade are examined on a routine 
basis. 

Strategy no. 2, sometimes combined with no. 3, may form the introductory phase of a 
planned larger exposure monitoring program. The most common of the strategies is no. 1 and 
then nos. 4,5 and 8. Strategies nos. 4 and 5 may be applied separately or combined. The impor¬ 
tance of strategy no. 6 has decreased since portable sampling equipment has been introduced, 
but it is still used in connection with the planning and checking up of control measures. 
Strategy no. 7 is unusual, especially since it is difficult to arrange for emission measurements 
in the normal operations of a factors. A hybrid between emission and immission measure¬ 
ments has been practised in a study of welders [31]. 

2.3 Compliance Testing 

Compliance with exposure limits may be tested in different ways. While Leidel et al. [19] 
advocate a very precise statistically based compliance testing, others prefer qualitative 
reasoning, e.g. the Swedish authorities [8j. Most suggested procedures are derived from the 
following models. 

2.3.1 Conventional Procedure. Compliance exists when the time weighted arithmetic mean is 
below the exposure limit. Excesses above the limit are permitted within short-term exposure 
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limits [6,8]. The short-term exposure limits will function as a limit to the acceptable range 
in readings when the mean is close to the exposure limit and thus limit the chance of false 
statements of compliance. 

2.3.2 Testing of Statistical Hypothesis . Comparison with the Confidence Limits . The normal or 
log-normal distribution model is used to calculate the upper and lower confidence limits of 
the mean at some reasonable confidence level. It is suggested that the lower confidence limit 
be used primarily by the compliance officer to test possible noncompliance with exposure 
limits and that the upper confidence limit he used primarily by the employer to test possible 
compliance with exposure limii$*fi ( )j. A shortcoming of this procedure is that the range in 
readings is not controlled. Therefore the power of the test should also be considered |28j. 

2.3.3 Overexposure Risk. The risk of overexposure on any occasion when the apparant 
exposure on that occasion is in compliance with the exposure limit has been calculated con¬ 
sidering various premises (20). It is suggested that an “action level” of half the exposure limit 
be used. 

2.4 Decision Models 

It is a fact that the eagerness with which exposure limits have been enforced has varied con¬ 
siderably with time and from one nation to another* as it depends among other things on the 
legal status of the exposure limits. The consequences of noncompliance with exposure limits 
therefore have been very different in different situations in the past. The decisions critical lo 
the bias of old exposure data regard the possibility of repeating measurements and the control 
measures taken. If effective control measures result from a decision of noncompliance with 
exposure limits, the old exposure data will rapidly be rendered obsolete, if applied lo future 
situations they will be positively biased. If measurements arc repeated only when high 
concentrations are registered and further measurements cancelled when a single low reading 
is observed, negative bias is inevitable. 

A detailed decisions scheme has been developed for the National Institute of Occu¬ 
pational Safety and Health |IV). When the exposure limit has been exceeded, the person is 
informed about it and control measures taken. Then new measurements are performed at 
tegular intervals until repeated results show concentrations below' the “action level”. When 
the “action level”, but not the exposure limit, is exceeded measurements are performed at 
regular intervals until repeated results show concentrations below' the “action level”. If this 
program is enforced the influence of chance in measurements and decisions will be 
minimized. The data generated will probably be representative for most exposed employees 
on the premises. Important to the usefulness of exposure data are also the decisions taken 
when random samples are far below the exposure limit. In most cases all further measure¬ 
ments will be cancelled when concentrations are well below the exposure limit and the 
number of data in such situations therefore will be very limited. 


3. General Representativeness of Exposure Measurements 

3.1 Distribution of Concentrations of Air Contaminants 

Concentrations of samples of contaminated air usually have positively skewed 
distributions. It is now rather generally acknowledged that these distributions are 
approximately log-normal [i9,28J, i.e. the logarithms of the concentrations are 
normally distributed [2J. As an example* the general agreement with the log- 
normal distribution of a large amount of concentration data in connection with 
welding has been confirmed [3!]. 

The relative positions of the mean* median (= geometric mean) and mode 
(= most frequent value) at f + l2 ' ,: * c" and (/u and a being the mean and 
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Fig. 1. Relative positions of arithmetic 
mean and median in the log-normal 
distribution 


probability 

density 



Table L The area on the left of the arithmetic mean 
under frequency curves of log-normal distributions 
with varying geometric standard deviation 


GSD 

Area 

1.5 

0.58 

2 

0.64 

2.5 

0.68 

3 

0.71 

3.5 

0.73 

4 

0.76 


-standard deviation of the logarithms of the variate) emphasize the positive skew¬ 
ness of the distribution, cf. Fig.l. Some authors also refer to the geometric 
standard deviation, GSD = <? CT [19,20]. A simple relation obtains between the 
quantiles of the log-normal distribution and the corresponding quantiles of a nor¬ 
mal distribution with mean = 0 and standard deviation = 1. If v q is the quantile 
of order q of the normal distribution then the q :th quantile of the log-normal 
distribution will be + V a . 

The skewness of distributions of air contaminant concentrations found in 
industrial operations has been investigated by Leidel et al. [20]. Also, quoting 
other authors, they conclude that the median category of GSD’s of particulate 
sampling data from a great number of measurements in various branches was 
1.60 to 1.69 and the median category GSD’s of gas and vapour sampling data 
1.50 to 1.59 [20]. 

The difference in intra- and interindividual variations may be exemplified 
with the dust exposure of 63 welders performing shielded electric arc welding on 
stainless steel [30]. Dust was sampled inside their face guards in the morning 
and in the afternoon. The GSD within days (same welder) was 1.2 and between 
welders 1.6 on the average. 

An illustration of the consequences of the skewness is given in Table 1 giving 
the relative frequencies with which log-normal distributed observations will fall 
below the arithmetic mean when the GSD varies. If the distribution is normal 
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Fig. 2. Yearly geometric means ofTCA in urine samples taken in health controls on employees 
exposed to trichlorethylene in Sweden 1945-1976 

this frequency by definition is 50%. When the skewness increase the relative 
frequency of observations below the arithmetic mean increases, e.g. there is 
more than a 70% chance in random sampling of observing a single variate less 
than the arithmetic mean when the geometric standard deviation is 3, a high but 
not unusually high spread. Only if a number of observations are made, will the 
mean converge with the true overall mean. The importance of the arithmetic 
mean is obvious considering that, in full period sampling, the arithmetic mean of 
the pehod is automatically registered and that in principle the accumulated 
uptake of the human body is proportional to the arithmetic mean of the period 
under observation. This will be further discussed below. 

3.2 Variations in Exposure over Long Periods 

In Sweden and other industrialized countries there has been a general trend 
towards lower employee exposure to air contaminants in the work environment 
at least during the 1970’s, as indicated by the continuous revisions of the exposure 
limits. The trend is shown in those cases where long-term series of incidences of 
occupational diseases or exposure measurements are available as reported for 
silicosis and quartz exposure [1J. As a measure of exposure to trichloroethylene, 
trichloroacetic acid (TCA) has been determined in urine for a long time (3). i:ach 
year since the 1940’s, hundreds of urine samples have been sent to the National 
Institute of Public Health, later the institute of Occupational Health, in Sweden 
for analysis ofTCA. The yearly geometric means of these analyses are plotted in 
the Fig. 2. The curve indicates a general long-term increase in the exposures on to 
the end of the 1960’s and then a significant decrease. The yearly means of the con¬ 
centrations of lead in blood samples taken in health controls in Finland during a 
number o( years has been reported [17J. From 1969 on to 1976 there has been a 
steady and substantial decrease. 
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2025546052 



Limitations to the Use of Employee Exposure Data on Air Contaminants 


291 


Table 2. Investigations in a number of representative paints factories in 1976 and 1979. Range 
of the sum of concentrations of solvents, each standardized with the corresponding permis¬ 
sible exposure limit value in common operations before and after an extensive cleaning-up 
program [4,26,29] 


Operation 

Before control 
(1976) 

After control 
(1979) 

Charging of raw materials 

0.02-16.0 

0.15- 0.54 

Pigment dispersion 

0.2 - 4.4 

0.43- 0.78 

Tinting 

0.1 - 2.0 

0.3 - 2.4 

Filling of cans 

0.02- 6.6 

0.12- 1.1 

Cleaning of equipment with solvents 

0.5 -30.0 

0.33-47.0 


It is obvious that a lot of changes babe-been imposed on the individual factory, 
e.g. as a result of measures taken to limit exposure or as a consequence of changes 
in the production. It is necessary to have accurate knowledge of the investigated 
factory or branch if exposure data is to be correctly interpreted. As an example, 
two surveys in the paint industry in 1976 and 1979 [4,26,29] are presented in 
the Table 2. Between these two years large-scale cleaning up operations were in 
progress in the whole branch. As a result the exposure to solvents decreased con¬ 
siderably in several types of operations. The group of persons occupied with the 
solvent cleaning of equipment, who were the worst exposed employees, showed 
no change in their conditions, however. 

The conclusions of these examples is that if exposure data are generalized 
over a long period of time, the estimated uptake of substances will probably be 
considerably in error. The sign of this bias will vary depending on the long-term 
development of the exposure to the substance in particular and how the generali¬ 
zation is made. 


3.3 Variations in Exposure with the Time of the Year 

When there is a season effect on exposure this must obviously affect the in¬ 
ference from measurements during one season to other seasons. An example of 
effects due to the time of the year is given in the Fig. 3, showing the exposure of 
welders to welding fumes. Welding the same material and with the same method 
is performed in a rather similar way irrespective of where it is done [31]. In the 
figure geometric means of exposure of different welders in different enterprises 
working with three independent methods have been plotted against the month of 
the year in which the measurements were made. The differences are significant 
according to analyses of variance performed with the logarithms of the con¬ 
centrations. A second example is given in the Fig. 4. Monthly geometric means 
of TCA concentrations in urine samples mentioned above show a significant 
seasonal effect on exposure. 

An explanation of the season effect on the two entirely different exposure 
situations in the examples may be the changes in the general ventilation during a 
year. When the outdoor climate is mild in Sweden in May through August, the air 
exchange through windows and doors may be important, while there is a 
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Fig.3. The effect of the season. 
Geometric means of con¬ 
centrations of welding fumes 
in the inspiration air of the 
welders inside the face guard and 
at stationary sampling places 
in the work rooms. The samples 
were taken in 40 enterprises 
1974-1976. No local exhaust 
ventilation (spot ventilation) was 
used. The monthly geometric 
means of each method is given 
us percent of the grand geometric 
mean of the method, for metal 
arc welding in stainless steel 
3.8 mg/m\ for Tig in AI 1.1 mg/ni\ 
for Mig in Ai 10.4 mg/m J and for 
the background in the work rooms 
3.8 mg/m } \ 


TCA ir> urine 
,rag/litre 



Fig. 4. The effect of the season. 
Geometric means of trichlor¬ 
acetic acid in urine taken in health 
controls on employees exposed 
to trichlorcthyiene in Sweden the 
years 1945.1947, 1949, 1951, 1965, 
1966, 1967, 1968 and 1969 


tendency among employees to turn off the forced ventilation to avoid draught 
when outdoor temperatures are low in January through March. The variations 
between the days of the week is sometimes appreciable as observed e.g. in dry 
cleaning enterprises and metal industries where the exposure to trichloro¬ 
ethylene was at its peak in the middle of the week [3], 

The situation with respect to work load in the industry may also influence the 
exposure. This situation follows a typical pattern over the yearand should be con¬ 
sidered for the particular branch understudy. In the above example of exposure 
to dust in welding, the arc time factor was observed. There was no significant 
(lillerence in different months in the arc time factor indicating that the work 
intensity did not cause the variation. 
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3.4 Errors in the Determination of Samples of Air Contaminants 

The magnitude of the errors in the determinations of samples made one or two 
decades ago are rarely stated. This is so partly because a statistical view on analy¬ 
tical results is a rather recent accomplishment, even today not universally ac¬ 
cepted by all analytical chemists. 

Nowadays it is common to provide descriptions of analytical methods with 
data regarding precision [5], Coefficients of variation in repeated analyses with a 
number of frequently used methods operated by the same operator are reported 
in the range 5-10% [5,10]. This is an overestimation of the precision in the deter¬ 
mination, however, when different laboratories and different methods and 
instruments are used. 

In a series of interlaboratory calibrations, samples containing predetermined 
quantities of quartz, asbestos fibers or organic solvents where determined [18]. 
The limit of acceptance of a laboratory was for quartz and asbestos about ±30% 
from the predetermined value and for organic solvents ± 15%. The standard 
deviations and ranges in determinations of organic solvents are presented in the 
Table 3. This table shows that some laboratories make large errors, although 
fortunately this is rather rare. 

The variation due to analysis is usually much less than the variation due to the 
sampling error at different times of e.g. the day. If a sample is taken e.g. in the 
inhaled air of an employee during one day and n determinations are made of the 
sample then the variance s 2 of the mean of the n determinations is composed of 
the variance s\ in the true concentration of each sample and the variance s] in 
the determination of each sample: + [14]. In most cases only 1 deter¬ 

mination is made of a sample and the equation is reduced to ^=^ + ^ 2 . Usually 
the estimation of s\ has to be based on repeated measurements of a few samples. 

It can be safely assumed that most methods of determination have co¬ 
efficients of variation far below e.g. 30%. To exemplify the importance of a co¬ 
efficient of variation of 30% in the analytical determination it is assumed that the 
GSD of the true concentration values in one case is 1.60. Then the total GSD due 
to variation in the concentrations and in the determination will be about 1.70. 
Ther conclusion is that low precision in the determinations (e.g. about 30%) is 
usually not a serious drawback. The possibility of a considerable systematic error 
is a more important threat to the relevance of exposure data. The chances are 
good that large systematic errors have not been introduced in present day deter¬ 
minations since the methods have improved greatly during the past decade. 

3.5 Random Errors 

It is a well known fact that if the values of the independent variable in e.g. a 
regression analysis are encumbered by random errors, the regression coefficient 
found will be smaller than the regression coefficient determined from values of 
the independent variable without errors [14]. Random errors in measuring an 
exposure variable therefore tends to bias the slope of an exposure response line 
towards zero [9]. In practice this effect is usually unimportant in comparison with 
other biases discussed here, even in those rare cases where enough data are avail¬ 
able to make a regression analysis of exposure vs response. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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Table 3, Result of intcriaboraiory calibration [18]. Samples on charcoal tubes corresponding to 51 of air with a concentration in the range 5 times the 
permissible limit to one-fifth of the limit, s— (he standard deviation, r=the range (lowest and highest values) 


Sub- 

Set 1 


Set 2 



Set 4 



Set 5 



stance 

Number 
of partic¬ 
ipating 
labs 

#% 

Number 
of partic¬ 
ipating 
labs 


A'o 

Number 
of partic¬ 
ipating 
labs 

s% 


Number 
of partic¬ 
ipating 
labs 

s% 

r% 

Styrene 

14 11 

37-137 

24 

12 

77-310 

29 

12 

55-299 

— 

~ 

— 

Tri 

9 II 

82-181 

- 

- 

- 

- 

- 

- 

26 

6 

77-178 

Xylene 

13 11 

31 -13 4 a 

24 

12 

67-127 

30 

8 

8-264 

25 

9 

69-130 


*' One laboratory reported concentrations about 10 times too high 
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4 Additional Factors Influencing Exposure to a Substrate 

4.1 Part-time Exposure 

It is rather unusual that an employee is occupied with a single operation during 
the whole workday or shift. As an example, in metal arc welding of nonalloy steel 
in workshops, the geometric mean of the arc time factor was 22% [31]. This applies 
for employees engaged full-time in welding, i.e. almost 80% of the time is used 
up for preparations before the welding or grinding, etc. after the welding. 

Other causes of limited exposure which should be considered are the use of 
respirators and rotation of personnel, practised in e.g. the control of lead ex¬ 
posure in many countries [7]. If uptake is estimated from concentration data of air 
contaminants without considering limited exposure an appreciable positive bias 
will result. 

4.2 Influence on Uptake of a Substance of Short-term Variations in Exposure 

It is quite obvious that variations in concentrations of substances in the air within 
a day or shorter periods is important to the results. A single breath of air contain¬ 
ing a very poisonous gas in a sufficiently high peak concentration may be fatal, 
although the average concentration of this gas over one day may be tolerable. 
This is an area of concern for accident prevention, however, and has very little to 
do with the monitoring of gases and vapours in order to check compliance with 
exposure limits. 

In the simplest exposure model, response or effect is studied as a function ofa 
single dose. This model of course is far from reality. A more complicated but still 
unrealistic model implies repeated doses of the same size. In reality the exposure 
will be composed ofa complicated pattern of episodes with repeated doses of 
varying magnitude interrupted by breaks of varying lengths without exposure. 
Furthermore all exposed subjects in reality have an individual exposure pattern. 

As has already been pointed out by Roach [23,24], the durations of peak con¬ 
centrations in relation to the biological half-life of the substance should be con¬ 
sidered in judging exposure to air contaminants. The critical durations of peak 
concentrations and interruptions in the exposures are of the same magnitude as 
the biological half-life of the substance in the body. If the peak durations and the 
interruptions between peaks are much shorter than the biological half-life, the 
substance eventually will reach a concentration level in the body corresponding 
to the equilibrium at the average concentration in the air. If the durations of 
peaks are much longer than the biological half-life of the substance in the body, 
there, will be enough time for the substance to accumulate to a concentration 
level in the body corresponding to the height of the peaks. The uptake will come 
into “resonance” with the environment, cf. Fig. 5, based on models suggested by 
others [13,15,22], further discussed in reference [27]. The implication of Fig. 5 is 
that although the average concentration is the same in the different exposure 
cases the uptake will be very different. It is possible that different organs in the 
body will respond differently to the exemplified exposure cases, e.g. one organ 
may respond to the area under the concentration-time curve, while a second 
organ may respond to the peak heights. Very little is known about this, but it is 
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Fig. 5. lixamples of “resonance” with environment, i.e. unfavourable exposure situations. 
Simple lirs't order kinetic with main uptake and excretion via the lungs is assumed [22,271. in 
all exemplified exposure situations the average air concentration of the contaminant is the 
same (= I in the relative scale). The peaks of the body concentration will corresponded more 
and more closely to the peaks in the concentration in the air when the exposure episodes have 
a lenght at least-as long as the biological half-life of the substance in the body observe that 
the diagrams should be read simultaneously and show what is assumed to happened at the 
same time in the inspiration air and the body! 


suggested that when available data allow an investigation, the distribution of 
exposure over time should be considered. The possible bias is negative since the 
measured concentration is lower than the effective concentration during short 
periods. 


5* Conclusions 

Sampling strategies have been discussed almost exclusively with the view in 
mind of checking compliance with exposure limits or to some extent finding a 
basis for or checking control measures to decrease the exposure. Except lor a few 
recent contributions [11,12,321 almost no efforts have been made to develop 
sampling strategies in order to describe the true uptake pattern of substances in 
the bodies of exposed employees and for obvious reasons: the ethical problem 
involved in prospective epidemiological studies [16] and the prohibitively high 
costs in making measurements when the future use of the measurements are 
uncertain. 
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Table 4. Bias in the estimation ofuptake of a substance in agroup of employees when uptake is 
deduced uncritically from various sources of information. += means that uptake is overrated, 
—= means that uptake is underrated in comparison with probable true uptake 


5 ) 

Q 

7 ! 

s) 

9 } 


») 

ll) 

n) 


Premises of data 

Cause of bias 

Probable 
sign of 
bias 

Validity 
of sign 
of bias 

Measurements and uptake in the same period and work place 

Identification of the sub- Biased sampling in the 

+ ' 

2 

stance 

1 “Worst Case” 

locality to get above 
detection limit 

Biased sampling among 

+ 

3 

) Monitoring daily averages 

employees 

Biased sampling among 

4- or — 


) General work area 

employees 

Biased sampling in the 

+ 

2 

sampling 

Biologic sampling 

locality to find “hot spots” 
Biased sampling among 

4- 

1 

Unconditioned, regular 

employees 

No additional bias 

0 

2 

check-ups 

No repeated measurement 

Biased sampling (the first 

- 

2 

are made when the first 
result shows compliance 

Measurements and uptake 

result may have been un¬ 
usually low) 

Biased sampling among 

4- 

2 

in the same period and 

enterprises 



“ similar " work place 

. Measurements and uptake in different periods of time 

Measurements made in a Technical development 

4* 

2 

period before uptake 

Measurements made in a 

Technical development 

- 

2 

period after uptake 

Measurements and uptake 

Regular variations 

4- or — 


in different seasons 

Other circumstances 

High exposure limit during 

Few data. Biased 


1 

measurements 

Rotation of employees 

interpretation 

Invalidation of data 

4- 

3 

to unexposed work 

Use of effective respirator 

invalidation of data 

4- 

3 

Unfavourable exposure 

“Resonance” (cf. text) 

- 

2 

pattern 

/ Hard physical labor 

Increased lung ventilation 

- 

2 


Code referring to the estimated validity of the suggested sign of bias: 

3 =self evident; 2 = a conclusion with some reservation; l=an educated guess 
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Table 5, The consequence of the sign of bias in measurements on the error in standard 
setting 


Sign of 
bias 

Interpretation 

Effect on standard setting 

Consequence 

+ 

Observed cone, too high 

Standurt too high 

“Health error” 

- 

Observed cone, too low 

Standard too low 

“Economic error” 


To use the limited data available the investigator must have a reasonable idea 
of the sign of the bias in the estimated uptake. The bias may be due to a lack 
of representativeness or to additional circumstances* in the work situation. In 
Table 4 the probable bias of estimated uptake deduced from exposure data in an 
uncritical way is summarized. Some of the conclusions in Table 4 are self 
evident, others must be regarded more or less with reservations as discussed in 
some details in Section 2. The opinion of the author about the validity of the sug¬ 
gested signs of bias in Table 4 is expressed in the form of a code in the table. As 
has already been stated, if the exposure is overestimated the risk will be under¬ 
estimated and vice versa. An inspection of the summaries of sings in the errors in 
Table 4 seems to suggest that overestimation of the uptake will be the most com¬ 
mon outcome of judging the exposure from old data. The epidemiologist using 
old exposure data may use Table 4 as a checklist and try to find out the premises 
of his data and thus the most probable sign of bias. The implication of an over¬ 
rated uptake is that exposure limits set will tend to be too high and the risk will be 
underrated (“health error”), cf. Table 5. It may be possible to some extent to 
counteract this simply by applying safer (= lower) exposure limits, but this may 
be possible only when the technical feasibility is obvious. In the long run there is 
no natural “safe side” since an exposure limit which is too low will cause un¬ 
necessary costs “economical error”) affecting the possibilities of limiting more 
critical exposures. In the future, filed exposure data should be accompanied by 
all information necessary to judge their validity. The following factors should be 
considered. 

(a) The name and nature of the operation(s) going on, products used and 
manufactured (declaration of content), contaminants formed. 

(b) The average proportion of time used for the operation per day, week, year. 

(c) Regular use of respirators, rotation of employees, notation of hard physical 
labour of the employees. 

(d) Why, when, where and how the sampling was performed. 

(e) Analytical method. 

(0 Exposure limit at the time of sampling. 
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Regulating toxic chemicals is highly controversial, yet it promises to 
be a major task confronting an industrial society. Increasing attention to 
toxic substances reflects in part recent growth in the number and quantity 
of man-made chemicals. As controls over the conventional pollutants 
take effect, toxic substances move to center stage in the political arena. 
This increased attention also stems from the fact that many of the statutes 
and regulatory procedures developed for the conventional pollutants are 
ill-suited to the new substances. 

The Administrator of the Environmental Protection Agency, William 
Ruckelshaus, has urged Congress to reconsider the present statutory 
framework for regulating toxic air pollutants. 1 EPA may shift its regula¬ 
tory strategy from the identification of specific control technology and 
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evaluation of the industry’s ability to afford controls 2 to a strategy that 
weighs the trade-offs between control costs and risk reduction. 3 

This article evaluates alternative methods of integrating benefit-cost 
considerations into the regulation of toxic substances. The use of benefit- 
cost considerations in this context is highly controversial and widely 
debated. The debate, however, has incorporated little or no reference to 
specific decisions made by environmental policy makers. 4 Proponents of 
benefit-cost analysis point to the general virtues of explicit evaluation of 
benefits and costs. ‘Critics, on the other hand, stress the philosophical 
difficulties involved in making judgments about life and death 5 or the 
practical difficulty of estimating the costs and benefits of control. 6 These 
broad debates do not consider what is at stake in particular circumstances 
and, indeed, whether those who assess the scientific evidence very dif¬ 
ferently might find much common ground in actual regulatory decisions. 
This article attempts to fill that gap by considering three toxic pollutants 
— benzene, coke oven emissions, and acrylonitrile. All three pollutants 
are currently considered targets for control under section 112 of the Clean 
Air Act. 7 

This article focuses on the ideas that benefit-cost principles can help 
to identify regulatory alternatives and that benefit-cost analysis can yield 
widely accepted policy recommendations despite large uncertainties in 
many parameter estimates. Critics caricature benefit-cost analysis as a 
mindless toting up of costs and benefits, but benefit-cost principles arc 


more properly viewed as a framework for exploring opportunities to 
increase health and ether benefits or reduce unnecessary costs. The 
icruciaa concept is marginalism , Uiven an existing regulation, benefit-cost 
analysis identifies marginal changes that increase benefits more than 
costs, or decrease costs more than benefits. 8 

Critics argue that the data on benefits and costs of regulatory alter¬ 
natives are simply too uncertain to use risk assessment or benefit-co4t 
results in policymaking. 9 In some cases, however, all plausible estimates 
of the parameters lead to the same policy recommendation. Thus, the 
results in such cases remain robust with respect to uncertainty. Two of 
the three case studies evaluated in this paper fall in this category. 10 
Uncertainty, therefore, should not serve to dismiss out-of-hand benefit- 
cost analysis in environmental regulation. 

The first Part of this article discusses section 112 of the Clean Air 
Act, which provides the framework for regulating the three case-study 
pollutants. 11 Part II presents the three case studies and includes an anal¬ 
ysis of regulatory alternatives for the three pollutants. 12 The next Part 
summarizes the uncertainties in calculating regulatory benefits, and the 
effect of those uncertainties on policy recommendations. 11 Finally, Part 
IV outlines the overall conclusions derived from examining the case 
studies. 14 


I. Regulatory Controls 


2. hi. at 20. 

3. See W. Ruckelshaus, Administrator of the EPA, Science, Risk and Policy 10 (June 
22, 1973) (speech to the National Academy of Sciences). See also W. Ruckelshaus, Ad¬ 
ministrator of the EPA, Risk in a Free Society (Feb. 18, 1984) (speech ai Princeton 
University); speech by J. Cannon, EPA Asst. Administrator for Air and Radiation, to the 
Natural Resources Law Section of the American Bar Association (Mar. 10, 1984). 

4. See, e.g. . Crandall, The Use of Cost-Benefit Analysis in Regulatory Decisions, in 
Management of Assessed Risk For Carcinogens 99-107 (W, Nicholson ed. 1981) 
(defending the general applicability of benefit-cost analysis to regulatory decisionmaking); 
Harrison, Cost-Benefit Analysis and the Regulation of Environmental Carcinogens, in 
Management of Assessed Risk for Carcinogens 109-22 (W. Nicholson cd. 1981) 
(evaluating the advantages of using benefit-cost principles in regulating carcinogens); Ash¬ 
ford, Alternatives to Cost-Benefit Analysis in Regulatory Decisions, in Management of 
Assessed Risk For Carcinogens 129-37 (W. Nicholson ed. 1981) (discussing the general 
limitations of benefit-cost analysis in regulatory decisionmaking). 

5. See, e.g.. S. Kelman, What Price Incentives? 27-88 (1981) (summarizing the 
ethical concerns involved in using the market for pollution control); Kelman. Cost-Benefit 
Analysis and Environmental, Safety, and Health Regulation: Ethical and Philosophical 
Considerations, in Cost-Benefit Analysis and Environmental Regulations: Poli¬ 
tics, Ethics, and Methods 137-54 (D, Swartzman, R. Likoff A K. Croke eds. 1982). 

6. See, e.g., Ashford, supra note 4, at 129-37. 

7. 42 U.S.C. 5 7412 (Supp. V 1981). Although this article provides background in¬ 

formation on the provisions and history of section 112 to place the specific case studies 

discussed in context, its analysis is not restricted to regulatory alternatives permitted by 

the current statute. Thus, some of the alternatives that it considers might require statutory 

chants. 


A. Section 112 of the Clean Air Act 

Section 112 provides the statutory authority for regulating “hazard- 
ms“ air pollutants emitted from stationary sources. 15 That section reflects 
he need to regulate hazardous pollutants outside the complex framework 


8. The technology-based standards that the EPA has promulgated provide a basis for 
valualing the benefits and costs of (hose standards and for a detailed investigation of 
tgulatory alternatives. 

9. See, e.g., Hurter. Tolley A Fabian, Benefit-Cost Analysis and the Common Sense 
r Environmental Policy, in Cost-Benefit Analysis and Environmental Reoula- 
ons: Politics, Ethics, and Methods 92-99 (D. Swartzman. R. LikoflTA K. Croke eds. 
|82) (discussing the potential sources of uncertainty in comparing the benefits and costs 

environmental programs). 

10. See iffra text accompanying note 109. See also itfra Table I. 

11. See infra notes 15-56 and accompanying text. 

12. See infra notes 57-140 and accompanying text. A more detailed analysis of these 
se studies has been presented in an earlier manuscript. Haigh, Harrison A Nichols, 
merits Assessment and Environmental Regulation: Case Studies of Hazardous Air Pol- 
fanls (July 1983) (unpublished manuscript available upon request from the authors). 

13. See infra notes 141-220 and accompanying text. 

14. See itfra notes 221-228 and accompanying text, 

15. 42 U.S.C. 5 7412 (Supp. V 1981). 
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of ambient standards, state implementation plans, and new source per¬ 
formance standards established for the more ubiquitous “criteria” pollut¬ 
ants, 1 * The Act defines a hazardous air pollutant as one “to which no 
ambient air quality standard is applicable and which in the judgment of 
the Administrator causes, or contributes to, air pollution which may 
reasonably be anticipated to result in mortality or an increase in serious 
irreversible, or incapacitating reversible, illness.” 17 Section 112 requires 
the EPA Administrator to establish a list of hazardous air pollutants and, 
within 180 days of listing a substance, to set emission standards for 
sources “at the level which . . . provides an ample margin of safety to 
protect the public health.” 18 

The language of section 112 emerged as a compromise from the 
House-Senate conference committee on the Clean Air Act amendments 
of 1970. 19 The House bill proposed basing national emission standards 
for hazardous air pollutants on technological and economic feasibility. 20 
In contrast. Senator Edmund Muskie and his supporters in the Senate 


16. 

(I)l is urgent that Congress edopl new clean air legislation which will make possible the more 
expeditious imposition of specific emission standards both for mobile and stationary sources and 
the effective enforcement of such standards by both State and Federal agencies .... Therefore, 
particular attention must be given to new stationary sources which are known to be either 
particulary large-scale polluters or where the pollutants arc extrahazardous. 

H.R, Rep. No. 1146, 91st Cong., 2d Sess. 5, reprinted in 1970 U.S. Code Cong. & Ai>. 
News 5356,5360-61. 

17. 42 U.S.C. § 7412 (Supp. V 1981). 

18. Section 112(b) provides that: 

(IMA) The administrator shall, within 90 days after December 31, 1970, publish (and shall from 
time to time thereafter revise) a list which includes each hazardous air pollutant for which he 
intends to establish an emission standard under this section. 

(B) Within 180 days after the inclusion of any air pollutant in such list, the Administrator 
shall publish proposed regulations establishing emission standards for such pollutant together 
with a notice of a public hearing within thirty days. Not later than 180 days after such publication, 
the Administrator shall prescribe an emission standard for such pollutant, unless he finds, on 
the basis of information presented at such hearings, that such pollutant clearly is not a hazardous 
air pollutant. The Administrator shall establish any such standard at the level which in his 
judgment provides an ample margin of safely to protect the public health from such hazardous 
air pollutant. 

Id. 5 7412(b). 

19. H.R. Rep. No. 1783, 91st Cong., 2d Scss. 10-12, 45-47, reprinted in 1970 U.S. 
Code Cong. A Ad. News 5356, 5378-79, 

20. The relevant section provided that: 

(a) For the purpose of preventing the occurrence of significant new air pollution problems arising 
from or associated with any class of new stationary sources which, because of the nature or 
amount of emissions therefrom, may contribute substantially to endangerment of the public 
health or welfare, the Secretary shall from time to time by regulation, giving appropriate con¬ 
sideration to technological and economic feasibility, establish standards with respect to such 
emissions .... 

(b) Such emission standards shall provide (hat — 

(I) If such emissions are extremely hazardous to health, no new source of such emissions 
shall be constructed or operated, except where (and subject to such conditions as he deems 


favored a zero-discharge requirement, which would have applied to fewer 
pollutants than the House bill, 21 The final language of the section, how¬ 
ever, refers neither to technological feasibility nor to zero discharges. 22 
This suggests that, while the conference committee expected health con¬ 
siderations to determine standards, it did not expect neaiih protection to 
require the absolute elimination of all hazardous emissions. 

i 

i 

B. Dilemmas in Implementation 

. EPA’s regulatory activity under section 112 over the past thirteen 
years has been modest. 23 Emission standards have been promulgated for 


necessary and appropriate) the Secretary makes a specific exemption with respect to such 
construction or operation. 

(2) In the case of other emissions, any new source of such emissions shall be designed 
and equipped to prevent and control such emissions to the fullest extent compatible with the 
available technology and economic feasibility, as determined by (he Secretary. 

H.R. Rep. No. 1146, 91st Cong., 2d Scss. 35 (1970). 

21. Bonine, The Evolution of 'Technology-Forcing* in the Clean Air Act, [Monograph 
No. 21J 6 Env’t Rep. (BNA) 7 (July 25, 1975). The Senate report indicated its determination 
“that existing sources of pollutants should meet the standard of the law or be closed down, 
and in addition, that new sources should be controlled to the maximum extent possible to 
prevent atmospheric emissions.** S. Rep. No, 11%, 91st Cong., 2d Sess. 2-3 (1970). Later, 
however, the report says that “|ijn writing a relatively restrictive definition of hazardous 
agents, the Committee recognized that a total prohibition on emissions is a step that ought 
to be taken only where a danger to health, as defined, exists." id. at 20. 

The bill provided in part that: 

(a) (I) The Secretary shall, within ninety days after the enactment of this section and from 

lime Id lime thereafter, publish in the Federal Register a list of those air pollution agents or 
combination of such agents which available material evidence indicates are hazardous to the 
health of persons and which shall be subject to a prohibition or emission standard established 
under this section. 

(2) Within one hundred and eighty days after the publication of such list, or revision 
thereof, the Secretary, in accordance with section 553 of title 5 of the United States Code, shall 
publish a proposed prohibition and a notice of a public hearing within thirty days. As soon as 
possible after such hearing, but not later than six months after such publication, the Secretary 
shall promulgate such prohibition, unless, based upon a preponderance of evidence adduced at 
such hearing, he finds within such period and publishes his finding — 

(A) that such agent is not hazardous to tlie health of persons; or 

(B) that a departure from such prohibition for stationary sources will not be hazardous to 
the health of persons. 

(3) If the Secretary finds under paragraph (2XA) of this subsection that such agent is not 
hazardous to the health of persons, he shall immediately publish an emissions standard in 
accordance with the procedures established under section 114 of this Act. 

(4) If the Secretary finds under paragraph (2MB) of this subsection that a departure from 
such prohibition for any stationary source will not be hazardous to the health of persons, he 
shall immediately promulgate an emission standard for such agent or combination of agents from 
any such stationary source to protect the health of persons. 

/d. at 95-96. 

22. See supra note 18. 

23. See generally Doniger, Federal Regulation of Vinyl Chloride: A Short Course in 
taw and Policy of Toxic Substances Control, 7 Ecology L.Q. 497, 565-85 (1978); Currie, 
Direct Federal Regulation of Stationary Sources Under the Clean Air Act, 128 U. Fa. L. 
Rev. 1389 (1980) (generally discussing regulatory activity under section 112). 
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only four substances: beryllium, asbestos, mercury, and vinyl chloride. 24 
The EPA has listed three additional substances: benzene, radionuclides, 

WIIU «l JVIlIVi 

Both EPA and the environmental groups monitoring the agency’s 
actions under section 112 have concentrated on pollutants suspected of 
causing cancer. 26 The. focus on carcinogens creates a dilemma for the 
agency because many scientists believe that there are no thresholds for 
carcinogens — no exposure levels short of zero that are risk free. 27 Thus, 
a strict interpretation’of section H2’s requirement to provide “an ample 
margin of safety” would require zero-discharge standards, tantamount to 
banning the listed substances. 

Such a strict interpretation of section 112 could be impractical. Many 
substances subject to regulation under section 112 are important indus¬ 
trial chemicals. Zero-discharge limitations on these substances would 
lead to numerous plant closures and the loss to consumers of many 
valuable products. 28 Consequently, EPA has avoided a strict interpreta¬ 
tion of section 112 and instead has proposed standards requiring the 
degree of control achievable with the “best available technology” 
(BAT). 29 Standards promulgated by the EPA for asbestos and vinyl chlo¬ 
ride illustrate the agency’s dilemma and its eventual decision to base 
control requirements on technological feasibility. 

In 1971, EPA proposed standards for asbestos because of its link to 
a form of cancer known as asbestosis. 30 Public comments on the proposed 
standards revealed no scientific doubt about asbestos hazards, but also 
stressed the importance of asbestos to the economy. 31 Although the EPA 
maintained that the' final standard “was not based on economic 
considerations” 32 and that “the overriding considerations are health ef¬ 
fects,” 33 the preamble to the standard acknowledged the dilemma: 


24. 40 C.F.R. 5§ 6I.20-.34, 6I.50~.55 (1979) (promulgating emission standards for 
asbestos, beryllium and mercury); 40 C.F.R. 55 6I.60-.7I (1979) (promulgating emission 
standards for vinyl chloride). 

25. 42 Fed. Reg. 29,332 (1977) (listing benzene as a hazardous air pollutant); 44 Fed. 
Reg. 76.738 (1979) (listing radionuclides as a hazardous air pollutant); 48 Fed. Reg. 33,112 
(1983) (listing inorganic arsenic as a hazardous air pollutant). 

26. See Statement by W. Ruckelshaus, Administrator of the EPA, Before the Sub- 
comm. on Health & the Env*t of the House Comm, on Energy & Commerce 10 (Mar. 29, 
1984) (hereinafter cited as 1984 Statement by Ruckelshaus). 

27. See Industrial Union Dept. v. American Petroleum Inst., 448 U.S. 607,624 (1980). 

28. 1984 Statement by Ruckelshaus, supra note 26, at 13. 

29. As discussed in more detail below, a •‘generic** policy proposed in 1979 would 
have formalized the agency's implicit policy of requiring, at a minimum, BAT controls for 
sources emitting pollutants listed under section 112. See infra text accompanying notes 43- 
50. 

30. 40C.F.R. 55 61.20-.25 (1971). 

31. 38 Fed. Reg. 8820, 8822 (1973). 

32. /</. 

33. 40 C.F.R. 55 6l.20-.25 (1971). 
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EPA considered the possibility of banning production, processing, and use 
of asbestos or banning all emissions . . . into the atmosphere, but rejected 
these approaches .... Either approach would result in the prohibition of 
many activities which are extremely important; moreover, the available 
evidence relating to the health hazards of asbestos does not suggest that 
, such prohibition is necessary to protect public health . 34 

j The effect of this dilemma on EPA action is indicated by the fact lhid 
j the agency did not even adopt this compromise standard until 1973 (well 
beyond the 180-day limit), and then only after a court order. 33 

The language of the vinyl chloride standard, promulgated in October 
I976, 36 provides an even clearer indication of the adoption of a technol¬ 
ogy-based approach. In the proposed regulation, EPA interpreted section 
112 as allowing it to set standards: 

that require emission reduction to the lowest level achievable by use of the 
best available control technology in cases involving apparent non-threshold 
pollutants, where complete emission prohibitions would result in wide¬ 
spread industry closure and EPA has determined that the cost of such 
closure would be grossly disproportionate to the benefits of removing the 
risk that would remain after imposition of the best available control 
technology . 37 

5 Thus, although section 112 mentions only health effects, and a literal 
reading might require that all emissions of non-threshold pollutants be 
banned, the EPA developed an accommodation that bases control on 
technological feasibility. 

EI^A did not identify guidelines for listing substances under section 
112 in its standards for asbestos or vinyl chloride. Asbestos and vinyl 
chloride presented clear cases of proven carcinogens, but over fifty other 
substances are identified only as potentially hazardous air pollutants. JK 
j In contrast, many toxic water pollutants were listed (and a schedule for 
developing regulations established) in 1976 as part of a consent decree 
with the Natural Resources Defense Council. 39 

Environmental groups became dissatisfied with the slow pace at 
which the agency was listing substances and promulgating standards 
j under section 112. 40 In November 1977, the Environmental Defense Fund 


34. 38 Fed. Reg. 8820, 8822 (1973). 

35. Id, 

36. 40 C.F.R. 55 6I.60-.7! (1976). 

37. 40 Fed. Reg. 59.534 (1975). 

38. 44 Fed. Reg. 58,642. 58.643 (1979). 

39. Natural Resources Defense Council v. Train, 8 Env’t Rep. Cas. (BN AI 2120 
(D.D.C. 1976). 

40. See, e.g., Doniger, supra note 23, at 565-85 (discussing the politics underlying 
EPA’s promulgation of a vinyl chloride standard). 
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(EDF) filed a petition requesting that EPA establish the terms of the vinyl 
chloride agreement as a generic approach to the regulation of all carcin¬ 
ogens/ 1 Finally, in October 1979, EPA proposed a cancer policy entitled 
"Policies and Procedures for Identifying, Assessing, and Regulating Air¬ 
borne Substances Posing a Risk of Cancer.” 42 Although the proposed 
policy was never promulgated, a review of its provisions provides an 
indication of the procedures that evolved over the first decade of section 
112*s existence. 

C. Cancer Policy 

The most important features of the EPA’s proposed “cancer policy” 
involved the criteria for listing substances and the criteria for setting 
standards for source categories/ 3 The proposal established a relatively 
low hurdle for listing; EPA would list any substance having a high prob¬ 
ability of carcinogenicity unless there was no evidence of a significant 
threat of ambient exposure from emissions by stationary sources. 44 Upon 
listing, a set of generic regulations including maintenance, storage, and 
“housekeeping” requirements would immediately apply to sources emit¬ 
ting the substance/ 5 

For each listed substance, the EPA would prepare detailed estimates 
of health effects and use those estimates to set priorities to develop 
emission standards for individual source categories posing the most im¬ 
minent threat to the public health. 46 The emission standards would, at a 
minimum, require BAT controls. The procedures for determining BAT 
do not involve risk assessment. Quantitative risk estimates would, how¬ 
ever, be employed in the standard-setting process if they showed that 
the residual risk after BAT controls was “unreasonable.” In such a case, 
EPA would impose tighter controls/ 7 


41. See Doniger, supra note 23, at 584. 

42. 44 Fed. Reg. 58,642 (1979), The proposal was part of a larger effort by the Carter 
administration to develop regulatory policies for carcinogens. A controversial cancer policy 
proposed by the Occupational Safety and Health Administration (OSHA) preceded the 
EPA document, sec 45 Fed. Reg. 5002 (1980). In addition, the heads of the four major 
regulatory agencies dealing with carcinogens had formed the Interagency Regulatory Liai¬ 
son Group. That group had a mandate to develop a greater scientific consensus on cancer 
risk assessment procedures, id. at 58,647. Finally, in 1979 EPA was developing regulations 
on benzene emissions under section 112 to be used as a prototype for the procedure the 
agency was elaborating in its generic policy. Indeed, when the White House Regulatory 
Analysis Review Group selected the EPA cancer policy for review, the agency suggested 
that the group use benzene as an indicator of how the policy would be implemented. See 
Nichols, The Regulation of Airborne Benzene , in Incentives for Environmental Pro¬ 
tection 148 (T. Schelling cd. 1983). 

43. See 44 Fed. Reg. 58,642 (1979). 

44. Id. at 58,654. 

45. Id. at 58,648. See also 44 Fed. Reg. 58,662-70 (1979). 

46. 44 Fed. Reg. 58,642, 58,654 (1979). 

47. Id. 
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In sum, EPA's record in implementing section 112 has consisted of 
much study and little regulation. The proposed cancer policy did create 
a methodology that would have allowed vastly greater listings, but would 
also have severely limited EPA discretion in setting specific standards 
for listed substances. 4 ® In the last several years, the EPA has continued 
to analyze potential section 112 pollutants, but has not listed any pew 
substances, nor proposed new standards for substances previously listed, 
nor promulgated standards proposed earlier/ 9 The following statement 
made by David Patrick, the chief of the Pollutant Assessment Branch in 
the Office of Air Quality Planning and Standards at EPA, illustrates the 
concerns of the agency: 

AH have perceived that a literal interpretation of section 112 would not 
preclude open-ended control requirements or the possibility of zero emis¬ 
sion goals, regardless of the control costs. Given this potential and the 
apparent lack of flexibility regarding the removal of substances from the 
list of hazardous pollutants or the exclusion of source categories from 
control requirements, the Agency has also been reluctant to list pollutants 
as hazardous without some reasonable assurance that subsequent regula¬ 
tions would convey health benefits that are not grossly disproportionate to 
the costs of control. 50 

D. Recent Congressional Debate 

In the current debate on reauthorization of the Clean Air Act, en¬ 
vironmental groups have criticized EPA’s review process as “slow and 
repetitive.” 51 The Environmental Defense Fund has urged Congress to: 
(I) adopt a generic method for listing airborne carcinogens; (2) list the 
thirty-seven substances now under study; and (3) require that EPA de¬ 
velop a systematic regulatory approach that includes literature reviews, 
periodic reports, and time limits for action. 52 In contrast, the Chemical 
Manufacturers Association (CMA) advocates modifying section 112 to 
allow EPA to regulate only those substances that pose a significant risk 
to health and to consider social, technical, energy, and economic con¬ 
sequences in setting standards. 53 Finally, EPA Administrator Ruckels- 
haus advocates a regulatory strategy that is based on the balancing of 


48. See supra text accompanying notes 45-47. See also Harrison, supra note 4, at 
112-13. 

49. See 114 Curr. Dev.) Env’t Rep. (BNA) 1109—11. But see infra notes 216-220 and 
accompanying text (discussing the recent developments in regulation under Section 112). 

50. See D, Patrick, Air Toxics: Regulation and Research 3 (Apr. 6, 1982) (speech 
presented at the Air Pollution Control Association (APCA) Conference, Houston, Tex ). 
See also Harrison, supra note 44, at 112-13 (critiquing EPA’s proposed cancer policy). 

51. D. Doniger, Statement on Behalf of the National Clean Air Coalition, Before the 
Subcomm. on Oversight & investigations of the House Comm, on Energy A Commerce 
10 (Nov. 7, 1983). 

52. Doniger, supra note 23, at 579-84. 

53. (11 Curr. Dev.) Env’t Rep. (BNA) 1026 (1981). 
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many factors including the nature of the risk posed by a substance and 
the cost of eliminating or minimizing it. 54 

The eventual result of this debate over section M2 cannot yet be 
determined. Thus far, however, sentiment in the House seems to favor 
swifter, more aggressive regulation of airborne carcinogens. In August 
3982‘, the House Energy and Commerce Committee voted in favor of an 
amendment requiring shat, in each of the next four years, EPA review 
twenty-five percent of the thirty-seven substances discussed earlier. 35 The 
amendment would create a presumption in favor of listing; each of the 
thirty-seven substances would be listed automatically unless EPA deter¬ 
mined that it was not hazardous, 56 If this provision, or a similar one, is 
enacted, the pace of regulation under section 112 should reach substan¬ 
tially higher levels than ever before. 

II. The Case Studies 
A . Steps in Estimating Benefits 

These studies estimate the benefits of pollution control standards by 
tracing the links from emissions lo exposure to risk, The purposes of the 
analysis are either lo estimate the dollar value that affected parties place 
on the reduced risk or to use the risk estimates to calculate the implicit 
cost per statistical life saved. The steps used, presented schematically in 
Figure I, apply in assessing the benefits of controlling virtually any 
dangerous pollutant. The following discussion provides a general over¬ 
view of the calculations associated with each step in the context of 
regulating airborne carcinogens. 

The change in emissions due to regulation is the most straightforward 
of the calculations that produce benefit estimates. 37 For each plant, the 


Figure I; Steps in Estimating Benefits 



54. 1984 Statement by Ruckclshaus supra note 26, at 14, 

55. (13 Cwt. Dcv.J Env't Rep. (BNA) 491 (1982). 

56. Id. 

57. But see infra notes 141-51 and accompanying text (discussing the uncertainties 
inherent in this analysis). 
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EPA estimates the emissions with and without controls in place. 5 * The 
difference between these two estimates equals the emissions reduction 
attributable to the regulation imposed. 

Emissions reduction estimates are converted into more meaningful 
estimates of exposure reductions by calculating an “exposure factor'’ for 
individual plants. 59 The exposure factor indicates the amount of exposure 
caused by a unit of emissions from a particular source, 00 Both the dis¬ 
persion pattern of emissions and the population pattern in the area sur¬ 
rounding the plant contribute to calculating this factor. 

In many cases, EPA estimates emissions dispersion using a “model 
plant.” 61 For a given level of emissions, the dispersion model uses me¬ 
teorological data lo generate estimates of average annual pollutant con¬ 
centrations at various distances from the source. The estimated concen¬ 
trations are then combined with plant-specific population data to estimate 
total exposure levels for a given level of emissions. 

Exposure levels are expressed in terms of “pg/m 3 -person-years,” 
which is simply the average annual concentration (in micrograms per 
cubic meter) multiplied by the number of people exposed and the period 
of exposure. 62 This summary measure of exposure provides sufficient 
information to predict total risk under certain conditions. 63 Dividing the 
exposure level by the total level of emissions gives the exposure fac tor, 
expressed in terms of pg/m 3 -person-years per kilogram emitted. 

Reduced exposure is translated into reduced risk using the unit risk 
factor for the particular pollutant. A unit risk factor represents the risk 
of cancer posed by exposure lo one unit of a substance — measured as 
the risk of cancer per pg/rrri-person-year. 64 

Each of the three case studies used unit risk estimates prepared by 
EPA's Carcinogen Assessment Group (CAG). The CAG unit risk estimate 
measures the increased probability of cancer resulting from exposure to 
I pg/m 3 for a lifetime, 65 This figure divided by seventy equals the risJc of 


58. See Office of Air Qualify Planning A Standards, U.S. Envtl. Protection Agency. 
Benzene Emissions from Maleic Anhydride Industry — Background Information for Pro¬ 
posed Standards, Table 1-5 (Feb. 1980 draft) (hereinafter cited as Benzene Emissions 
Background Information). 

59. If a plant with an exposure factor of 0.6 pg/np-person-years/kg reduces its emis¬ 
sions by I million kilograms, for example, exposure falls by 0.6(1,000.000) = 600,000 pg t 
m'-person-years. 

60. Sec Nichols, supra note 42, at 187-88. 

61. See, e.f(.. Benzene Emissions Background Information, supra note 58. at E 8. 

62. Thus, for example, 1000 people exposed, on average, to io pg/m 1 for one year 
generate 10,000 pg/m J -person-ycars of exposure, as do 10,000 people exposed to I pg/m*. 

63. Such risk is independent of how total exposure is distributed across the population 
if risk is proportional to exposure. See infra notes 164-171 and accompanying text. 

64. The risk of getting cancer obviously varies with the carcinogenicity of the sub¬ 
stance. See infra notes 164-183 and accompanying text (discussing the difficulties of ex¬ 
trapolating from low to high doses). 

65. CAG considers a lifetime to be seventy years; hence, in this study the CAGT 
estimated exposure factor is divided by seventy lo obtain an annual estimate. See, c.g.. 
Carcinogen Assessment Group, Office of Health A Envtl. Assessment, U.S. Envtl. Pro- 
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cancer per pg/m 3 -person-year. In applying epidemiological data, the CAG 
employs a procedure that assumes that risk remains proportional to dose 
at low levels of exposure. 66 

Over the past decade or two, a substantia] literature has accumulated 
on the issue of valuing reductions in risks to life. 67 Economists agree that 
the appropriate criterion is “willingness 10 pay/' 6 * The principle is a 
simple one: an individual values each benefit just as much as the amount 
he would be willing to pay to secure it. 

Inferences drawn jfrom actual behavior provide the best estimates of 
willingness to pay. Many studies have estimated willingness to pay for 
reduced risks to life based on the wage premiums associated with occu¬ 
pational risks. 69 Bailey has reviewed several empirical studies,, adjusting 
them for consistency. 70 His estimate covers a range of $170,000 to 
$715,000 per life saved, with an intermediate estimate of $360,000 in 1978 
dollars, or approximately $500,000 in 1982 dollars. 71 Other studies, how¬ 
ever, have estimated much higher wage premiums for occupational risks, 
with the highest estimates in excess of $5 million per life saved in 1982 
dollars. 72 Thus, the published estimates from wage studies range from 
several hundred thousand dollars to several million dollars per statistical 
life saved. 

Many of the calculations in this article forgo the final step of placing 
a dollar value on lives saved and presenting a single net benefit result. 
However, estimates of the reductions in lives saved and the implicit cost 
per statistical life saved are presented. These results are then compared 

teetjon Agency, Carcinogen* Assessment Group’s FinaJ Report on Population Risk to Am¬ 
bient Benzene Exposures 12 (1977) (hereinafter cited as Final EPA Benzene Assessment!. 

66. Id. at 2. 

67. See, e.g., Zeckhauser, Procedures for Valuing Life, 23 Pub. Pol’y 4)9 (1975); 
Graham & Vaupcl, Value of a Life: What Difference Does it Make?, I Risk Analysis 89 
(1981). 

68. See Schelling, The Life You Save May Be Your Own, in Problems in Public 
Expenditure Analysis 127, 142-58 (S. Chase ed, 1968). Schelling is generally credited 
with being the first to argue that willingness to pay for risk reduction is the appropriate 
conceptual approach to valuing “life saving." A slightly different formulation, which should 
yield virtually identical results when dealing with small risks, is to ask how much money 
an individual would have to receive to forgo the benefit. 

The technical terms for these two measures are “compensating variation" (CV) and 
"equivalent variation" (EV). In general, when discussing risk reductions, EV (how much 
money an individual would have to receive to be willing to go without the risk reduction) 
will exceed CV because of income effects. For small changes in risk, however, the differ¬ 
ences between the two measures will be negligible. 

69. See Thaler & Rosen. The Value of Saving a Life: Evidence from the Labor 
Market, in Household Production and Consumption 265-301 (N. Terlcckyj ed. 1976); 
G. Blomquist. Valuation of Life: Implications of Automobile Scat Belt Use (1977) (Ph.D. 
dissertation. University of Chicago); A. Dillingham, The Iiyury Risk Structure of Occu¬ 
pations and Wages (1979) (Ph.D. dissertation, Cornell University). 

70. See M. Bailey, Reducino Risks to Life »t app. 35-45, 52-66 (1980). 

71. Id. at app. 66 (Bailey’s estimates are based on Thaler & Rosen, supra note 69; 
Blomquist, supra note 69; and Dillingham, supra note 69). 

72. See Viscusi, Labor Market Valuations of Life and Limb: Empirical Evidence and 
Policy Implications, 26 Pub. Pol’y 359 (1978). 
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1 with reasonable estimates of the value of this risk reduction to determine 
i if the regulation is likely to pass a benefit-cost test. 


If, The Case Studies 

Benzene, coke oven emissions, and acrylonitrile are all high-priority 
section 112 pollutants. Benzene has been listed formally 71 and regulations 
have been proposed, 74 and recently re-proposed, for several source cat¬ 
egories. 75 Coke oven emissions and acrylonitrile are included in a list of 
thirty-seven substances the EPA is currently evaluating. 76 The health 
risks of and control options for these pollutants are well documented. 77 
Although the following case studies use a common underlying method¬ 
ology to estimate the benefits of controls for all three pollutants, the 
empirical details of the methodology vary considerably with each 
pollutant. 

This section presents the results of benefit-cost analysis in each of 
the three case studies. The next sections suggest two approaches as 
alternatives to uniform BAT standards: (I) modification of the uniform 
standards to increase net benefits and (2) differential standards based on 
exposure levels around individual plants. 78 

/. Maleic Anhydride (Benzene) Case Study 79 

Maleic anhydride plants emit benzene, a major industrial chemical 
used in making nylon, plastics, insecticides and polyurethane foams. 80 A 
1977 study by the National Institute of Occupational Safety and Health 
showed an abnormally high incidence of leukemia in workers exposed to 
benzene while employed at two plants in the rubber industry. 81 Following 
this study, the EPA listed benzene under section 112. 82 


73. 42 Fed. Reg. 29,332 (1977). 

74 . 45 Fed. Reg. 26.660 (1980). 

75. 49 Fed. Reg. 8386 (1984). 

76. D. Patrick, supra note 50, app. on Section 112—The Process and Status. 

77. See. e.g.. Office of Health & Envtl. Assessment, U.S. Envtl. Protection Agency, 
Health Assessment Document for Acrylonitrile (Mar. 1982) (draft) {hereinafter cited as 
Acrylonitrile Assessment DocumentJ. 

78. See infra notes 114-40 and accompanying text. 

79. Maleic anhydride plants convert benzene into maleic anhydride — a crystalline 
cyclic acid anhydride used chiefly in manufacturing resins and modified drying oils. The 
primary source of data for this case study is Benzene Emissions Background Information, 
supra note 58. For additional sources, see Nichols, supra note 42. 

The analysis is based on data available to EPA when it proposed the standard for 
maleic anhydride plants in April 1980. Since then, however, several new developments 
have led EPA to propose the withdrawal of the proposed benzene control standards. See 
infra text accompanying notes 216-18. 

80. See S. Mara & S. Lee, Assessment of Human Exposure to Atmospheric Benzene 
i. 21 (May 1978) (report prepared by SRI International for U.S. Envtl. Protection Agency) 
, {hereinafter cited as Human Exposure to Benzene). 

8L See Infante, Leukemia in Benzene Workers, 2 Lancet 76 (July 9, 1977). See also 
| Nichols, supra note 42, at 149-50 (summarizing the studies of benzene’s health effects). 

82. 42 Fed. Reg. 29,332 (1977). After listing the pollutant, EPA commissioned studies 
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In April 1980, almost three years after listing benzene, EPA proposed 
an emission standard for maleic anhydride plants that use benzene as a 
feedstock. 83 The BAT standard called for an emissions reduction of 
roughly ninety-seven percent from uncontrolled levels. 1 * A majority of 
the plants, however, already had installed controls of ninety percent or 
better,’ probably in response to state regulations directed at hydrocarbons 
or the hope that the benzene recovered would pay for the controls. 85 As 
a result, the proposed B^T standard was expected to reduce full-capacity 
emissions by less than .ninety percent, from 5.6 million kilograms per 
year to just under 0.5 million kilograms per year. 86 

The costs of implementing the proposed standard were estimated at 
$2.6 million per year in 1982 dollars. 17 These costs are quite affordable 
to the maleic anhydride industry, whose total sales grossed $142 million 
in I979. H8 The cost estimates are meaningless in isolation, however; they 
can be judged appropriately only in relation to the benefits they secure. 
As estimated, the proposed regulations would have reduced exposure by 
3.6 million fig/m 1 -person-years and saved 0.4 lives annually. 89 

2. Coke Oven Emissions Case Study 90 

Coke, produced by distilling coal in ovens, is essential to the pro¬ 
duction of iron and sted. In 1978, U.S. plants produced approximately 


of benzene emissions. See PEDCo Environmental, Inc., Atmospheric Benzene Emissions 
(Oct. 1977) (report submitted to U.S. EPA) (EPA-450/3-77-029) (hereinafter cited as At¬ 
mospheric Benzene Emission^]; S. Mara & S, Lee, Human Exposures to Atmospheric 
Benzene (Oct. 1977) (report prepared by Stanford Research Institute for U.S. EPA); Human 
Exposure to Benzene, supra note 80. These studies provided a rough idea of the relative 
amounts of pollution contributed by different types of sources. See also Nichols, supra 
note 42. 

83. 45 Fed. Reg. 26,660 (1980). EPA developed an emission standard for maleic 
anhydride plants first, because more than half of all estimated emissions from chemical 
manufacturing plants came from the eight plants that used benzene to produce maleic 
anhydride. See Atmospheric Benzene Emissions, supra note 82. Table 1-2. 

84. The standard limited existing plants to 0.3 kg of benzene emitted per 100 kg of 
benzene input. 45 Fed. Reg. 26.669 (1980). 

85. See Benzene Emissions Background Information, supra note 58, Tabic 1-5. 

86. 45 Fed. Reg. 26.660, 26.661 (1980). 

87. Id. at 26,666. See also Benzene Emissions Background Information, supra note 
58, For the two plants that had 90% controls, however, the cost estimates assume that they 
would need all-new control equipment; no credit is given for possible adaptation of existing 
controls. All of the cost estimates are for carbon absorption controls, which the EPA 
estimates indicated would be the lowest-cost control technique (including a credit for 
benzene recovered), and all assume 100% capacity utilization. 

88. Facts and Figures for the Chemical Industry , Chemical and Engineering 
News 26, 31 (June 13, 1982). The costs estimates included credits for the benzene 
recovered. 

89. See Haigh, Harrison A Nichols, supra note 12, at 25-28. 

90. The primary sources for the coke oven emission case study are: Emission Stan¬ 
dards & Eng’g Div., Office of Air Quality Planning A Standards, U.S. Envtl. Protection 
Agency, Preamble and Regulation for Coke Oven Emissions from By-Product Coke Oven 
Charging, Door Leaks, and Topside Leaks on Wct-CoaJ Charged Batteries I (Mar. 1981) 
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44 billion kilograms of coke. 91 Epidemiological studies of coke-oven 
workers show that emissions from the coking process increased the risks 
of Sung, trachea, bronchus, kidney, and prostate cancers. - Although the 
toxic elements include gases and respirable particulate matter, most at¬ 
tention has focused on the polycyclic organic matter (POM) contained in 
coal tar particulates. 91 

Coke oven emissions are released from numerous fugitive sources, 
including leaks and imperfections in the ovens. Charging emissions occur 
when coal is added to the ovens at the beginning of the coking process. 
Door leaks are the result of imperfect fits between the ovens and the 
doors through which the finished coke is later removed. Finally, imperfect 
seals on the lids and offtakes on the tops of the ovens create topside 
leaks. 94 

If the EPA listed coke oven emissions under section I !2, the Agency 
would probably specify standards similar to the following as BAT: twelve 
percent of doors visibly leaking; three percent of lids visibly leaking and 
six percent of offtake systems visibly leaking; and sixteen seconds of 
visible emissions for each charging. 95 EPA estimates suggest that only 
thirty-seven of the fifty-four identified coke plants would have to increase 
control efforts to meet these standards (and some of those plants already 
meet one or two of the three potential BAT standards). 96 EPA estimates 
annual control costs for those plants at $24.5 million. 97 

Plant-specific emission estimates indicate that coke oven emissions 
would fall by 289,000 kg/year and exposure would fall by approximately 


(draft) (Research Triangle Park, N.C.) thereinafter cited as 1981 EPA Draft Coke Oven 
Regulation]; Office of Air Quality Planning & Standards, U.S. Envtl. Protection Agency, 
Coke Oven Emissions from By-Product Coke Oven Charging, Door Leaks, and Topside 
Leaks on Wet-Coal Charged Batteries — Background Information for Proposed Standards 
(July 1981) (draft) (Research Triangle Park, N.C.) (hereinafter cited as 1981 Background 
Information!; Carcinogen Assessment Group, Office of Health and Envtl. Assessment, 
U.S. Envtl, Protection Agency, Carcinogen Assessment of Coke Oven Emission (Feb. 
1982) (draff) (EPA-600/6-82-003) (hereinafter ciled as EPA Coke Oven AssessmentJ; and 
Research Triangle Institute, Cost Estimates of Meeting the Potential EPA Regulation 
Affecting Coke Oven Emissions from By-Product Coke Oven Charging, Door Leaks, and 
'T ! PP S ' < 1 C Lc a ks on Wet-Coal Charged Batteries (Apr. 1983) (computer printout) (hereinafter 
cited as 1983 Research Triangle Cost Estimate). 

91. See 1981 Background Information, supra note 90, at 3-2. 

92. See, e.g,. EPA Coke Oven Assessment, supra note 90, at 108-12. 

* 93. id . at 54-63, 

94. 1981 EPA Draft Coke Oven Regulation, supra note 90, at 4. 

95. Id. at 4-5. 

96. A detailed breakdown of the status of individual plants is not available. The cost 
data supplied by the Research Triangle Institute, the primary EPA contractor for the coke 
oven analyses, includes positive entries only for those plants that arc expected to require 
controls if standards arc promulgated. Personal communication from Phillip Cooley of 
Research Triangle Institute (Aug. 1983). 

97. 1983 Research Triangle Cost Estimate, supra note 90. EPA’s emission and cost 
estimates arc stated in terms of 1982 dollars and assume current compliance with existing 
state and OSHA regulations. Id, 
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819,000 fjLg/m 3 -person-years if the above BAT standards were imposed. 98 
Coke oven emissions are very potent carcinogens; this relatively slight 
reduction in exposure would save an estimated 10.6 lives each year." 

j Acrylonitrile Qase Study*® 0 

Acrylonitrile is an important industrial feedstock, employed primar¬ 
ily in the production of chemicals used to make a wide range of common 
products including rugs, clothing, plastic pipes, and automobile hoses. 101 
Almost a billion kilograms of acrylonitrile were produced in 1981. 102 
Extensive evidence indicating acrylonitrile’s carcinogenicity exists. 103 
Specifically, epidemiological studies have associated acrylonitrile with 
respiratory cancers. 104 

While EPA has neither listed acrylonitrile nor proposed specific 
regulations, EPA contractors have identified available control options 
that could reduce emissions by at least ninety-five percent from uncon¬ 
trolled levels. 103 All thirty existing plants, however, already have imple¬ 
mented some type of controls. Thus, potential BAT standards would only 
cut annual emissions from 3.6 million kilograms to 0.5 million kilograms, 
a reduction of slightly less than eighty-seven percent. 106 Uniform controls 

98. Haigh, Harrison & Mchols, supra note t2, at 32-34, 

99. EPA Coke Oven Assessment, supra note 90, at 144-63. See also infra Tabic I. 

100. The acrylonitrile case study relied on data assembled from several sources, 
including Click A Moore, Emission, Process and Control Technology Study of the ABS/ 
SAN Acrylic Fiber, and NBR Industries (Apr. 1979) (report prepared by Pullman Kellogg 
for the Office of Air Quality Planning A Standards, U.S. EPA, contract 68*02-2619); Key 
A Hobbs, Acrylonitrile (Nov. 1980) (report prepared by IT Enviroscience for the Office of 
Air Quality Planning & Standards, U.S. EPA); Energy & Envtl. Analysis, tnc.. Source 
Category Survey for the Acrylonitrile Industry (July 1981) (draft report prepared for the 
Office of Air Quality Planning & Standards, U.S. EPA, under contract 68-02-3061); Radian 
Corporation, Locating and Estimating Air Emissions from Sources of Acrylonitrile (Dec. 
1982) (draft report prepared for Office of Air Quality Planning & Standards, U.S. EPA); 
Carcinogen Assessment Group, Office of Health A Envtl. Assessment, U.S. Envtl. Pro¬ 
tection Agency, The Carcinogen Assessment Group's Carcinogen Assessment of Acrylo¬ 
nitrile (Feb. 1982) (draft) (hereinafter cited as EPA Acrylonitrile Assessment!; B. Suta, 
Assessment of Human Exposure to Atmospheric Acrylonitrile (Aug. 1979) (report prepared 
by SRI Int'l for U.S. EPA) (hereinafter cited as 1979 Assessment of Exposure to Acrylo¬ 
nitrile]; B. Suta, Revised Assessment of Human Exposure to Atmospheric Acrylonitrile 
Using industry Supplied Emission Estimates (1982) (report prepared by SRI Int’l for U.S. 
EPA); and personal correspondence from B. Suta (Aug. 1982) (data on exposure to acry¬ 
lonitrile emissions) (hereinafter cited as Suta Data on AcrylonitrilcJ. 

101. Energy and Envtl. Analysis, Inc., supra note 100, at 3-1. 

102. Facts and Figures for the Chemical Industry, Chemical and Engineering 
News 30, 37 (June 14, 1982), 

103. EPA identified three epidemiological studies; seven lifetime laboratory studies 
with rats; several mutagenicity studies with bacteria. Drosophila (fruit flies), and rodents; 
chromosomal studies of humans; and numerous metabolic studies. Carcinogen Assessment 
Group, Office of Health & Envtl. Assessment, U.S. Envtl. Protection Agency, Health 
Assessment Document for Acryolnitrilc 101 (1982). 

104. See EPA Acrylonitrile Assessment, supra note 100, at 1, 63-67. 

105. See Key A Hobbs, supra note 100, ch. V, at 1-4, ch. VII, at 1-3 (discussing 
such control systems). 

106. These calculations of emission reductions are based on “current" emissions in 
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would create an estimated annual expense of almost $29 million in 1982 
dollars. 107 Reduced exposure to acrylonitrile, just over 450,000 fig/m 3 - 
person-years, would avoid only one case of cancer every five years (0,2 
lives per year ). m 

C. Analysis of the Best Available Technology Standards , 

Table ! summarizes the results of the BAT standards analyzed. 
Controls on coke oven emissions produce much greater health benefits 
than do controls on the emissions of benzene or acrylonitrile. BAT con¬ 
trols on coke ovens would result in almost eleven fewer cases of cancer 
each year, compared to reductions of 0.4 cancer deaths for maleic an¬ 
hydride benzene controls and 0.2 cancer deaths for acrylonitrile 
standards. 

The final line of Table I presents the most relevant figure in mea¬ 
suring the cost-effectiveness of the three control standards — the value 
placed on saving a life that is necessary to justify incurring control costs. 
To justify acrylonitrile controls on benefit-cost grounds, the value of a 
statistical life would have to be at least $144 million, an implausible figure 
from virtually any perspective. 109 The cost-effectiveness figure for ben¬ 
zene, $6.5 million, also is larger than the range of plausible estimates. 
Controls on coke oven emissions are the most attractive of the three 
BAT options. To justify the coke oven emissions standards on benefit- 
cost grounds, the value of a life saved must be equal to or greater than 
$2.3 million. That value does fall within the range oi the published benefit 
estimates. Nevertheless, all three BAT options would fail a conventional 
benefit-cost test based upon a value of $1 million per life saved. 

Table 2 indicates two principal reasons why the cost-effectiveness 
of control varies so greatly among the pollutants. First, the carcinogenic 
potency of coke oven emissions is much greater than for acrylonitrile or 
for benzene. 1,0 Second, coke oven emissions affect many more people 
than do the other pollutants. Fugitive coke emissions occur at ground 


U.S. Envil. Protection Agency, Summary of Acrylonitrile Emission Estimates and Pro¬ 
duction Capacities (Jan. 1983) (draft) (tables provided by R. Crumc, Office of Air Quality 
Planning A Standards), and on model-plant controlled emissions in Key & Hobbs, supra 
note 100, ch. V. at 1-4 for AN monomer and in Click A Moore, supra note 100, at 61-64. 
See also Haigh. Harrison & Nichols, supra note 12, at 36-38. 

107. The control costs arc estimated from model plant data in Key A Hobbs, supra 
note 100, at Table VI-2, and new plant data in Energy and Envtl. Analysis, Inc., supra 
note 100. at Table 5-5 for AN monomer and in Click A Moore, supra note 100. at Table 6-1, 
for the other categories. AH costs have been updated to 1982 dollars using the GNP implicit 
price deflator. See also Haigh, Harrison A Nichols, supra note 12, at 36-38 and Table 2.11. 

108. See Haigh, Harrison A Nichols, supra note 12, at 36-41. Exposure factors were 
estimated using dispersion modeling results and plant-specific population data provided in 
Suta Data on Acrylonitrile, supra note 100. 

109. See supra notes 67-72 and accompanying text. 

110. See i/\fra Table 2 (indicating carcinogenic potency with unit risk factors). See 
also supra notes 64-66 and accompanying text. 
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Table !: Benefits and Costs of BAT Standards _ 

Coke Acrylo- 

Bcnzene” Ovens nitrile 


Annual Costs and Benefits 


. Control Cost ($1000) 

2,577 

24,511 

28,988 

Number of plants 

8 

37 

31 

Reduced Emissions (1000 kg) 
Reduced Exposure (1000 pg/ 

5,059 

289 

3,112 

m 3 -person-yrs) b 

3,646 

819 

455 

Lives Saved 0 

0.4 

10.6 

0.2 

Cost-Effectiveness 

Emissions ($/kg) 

0.51 

84.8 

9.3 

Exposure (S/pg/m^yr) 

0.71 

29.9 

63.7 

Lives saved ($1 million/life) 

6.5 

2.3 

144. 


Notes: 

a. Estimates are based upon the 1980 proposed standard for maleic anhydride plants. 

b. Exposure reductions are calculated by aggregating the concentration changes for 
people at different distances from each plant. For example, if 1000 people have their 
exposure reduced by 10 microgrami per cubic meter (pg/m 5 ) in a given year, exposure 
would be reduced by 10,000 pg/m’-pcrson-ycars. 

c. Lives saved arc calculated by multiplying the exposure reduction by a unit risk factor 
that measures the increased probability of contracting cancer as a result of exposure to 1 
pg/m 3 for one year. For example, if exposure is reduced by 1000,000 pg/m’-ncr-years for 
a carcinogen that increases the risk of cancer by 1.5 x 1(T 4 for each pg/m-per-year, a 
total of 15 statistical lives would be saved. (Note: this article assumes that all cancer cases 
result in premature death.) 


level rather than from stacks, and coke plants tend to be located closer 
to large population concentrations. 111 As a result, a kilogram of coke 
oven emissions causes three times the exposure that a kilogram of ben¬ 
zene emitted from maleic anhydride plants does and over seventeen times 
the exposure that a kilogram of acrylonitrile does. 112 Because of these 
two factors, a reduction of one kilogram in coke oven emissions produces 
a risk reduction roughly 500 times greater than for either of the other 
' cases, 1,3 

Together, tables I and 2 indicate that concentrating only on the cost 
per kilogram of emission reduction provides a misleading measure of the 
relative attractiveness of the three BAT standards. A kilogram of coke 
oven emissions is much more costly to control than a kilogram of either 
acrylonitrile or benzene. The marginal benefit of controlling coke oven 
emissions is so much larger, however, that coke ovens are far more cost- 
effective objects of regulation. This comparison gives the most compel- 


111. See infra Tabic 2 (comparing population figures across the three case studies). 

112. Id. (comparing average exposure factors across the three case-study pollutants). 

113. Id. (comparing risk per kilogram of emissions across the three case-study 
pollute 
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Table 2: Risk and Exposure Information for the Three Cases 



Benzene® 

Coke Oven 
Emissions 

Acrylonitrile 

Unit risk factor (deaths/ 


S.3 x 


fig/m , -yr) b 

u x i<r 7 

I0 -5 

4.4 x I0" 7 

Total population exposed 0 

8,080,000 

25,948,000 

8,457,006 

Population within 1 km 

27,550 

90,193 

7,138* 

Average exposure factor 




(pg/m 3 -person-yrs/kg) d 

0.721 

2.83 

0.146 



3.7 x 


Risk per kg of emissions 

7.9 x 10'* 

I0" 5 

6.4 x I0“" 


Notes: 

a. Estimates are based upon the 1980 proposed standard for maleic anhydride plants. 

b. Sec footnote c. Table I. 

c. Population within 20 km of all plants. 

d. The exposure factor is calculated by dividing the reduced exposure by the reduced 
emissions. For example, the calculation for coke oven emissions is: 819,000 pg/m’person- 
years divided by 289,000 kg, which equals 2.83. 


jing reason for formally evaluating Ihe benefits of toxics control. It is 
impossible to target controls where they provide the greatest health 
benefits without considering relative carcinogenicity and relative expo¬ 
sure factors. 

D. Analysis of Alternate Standards 

Benefit-cost criteria assist policymakers in evaluating regulatory al¬ 
ternatives beyond uniform BAT standards as well. This section analyzes 
two alternatives for each pollutant: (l)a relaxed uniform standard; and 
(2) a set of differential standards that would be more stringent for plants 
located in more densely populated areas than for plants that cause less 
exposure. 

Choosing the appropriate degree of control is a common issue in 
pollution regulation. 114 Controls should be tightened as long as the mar¬ 
ginal benefits exceed the marginal costs. Negative net benefits at one 
control level do not imply that regulation is undesirable at all levels, 
because a less stringent alternative may provide positive net benefits. 

Pollution control regulations can also be targeted to specific firms. 1,5 
The EPA and other regulatory agencies typically develop regulations for 


114. E. Stokey & R. Zeckhauser, A Primer For Policy Analysis 139-42 (1978). 

115. See Harrison & Nichols, Benefit-Based Flexibility in Environmental Regulation 
(Apr. 1983) (Discussion Paper Scries. Kennedy School of Government, Harvard Un versity) 

I (discussing the general advantages of these differential standards and an evaluation of 
potential obstacles). The potential policy considerations that might arise in imposing dif¬ 
ferent standards on different plants, including equal protection issues and problems arising 
j from regulations that encourage businesses to locate new plants in less populated but 
generally more pristine areas, lie beyond the scope of this article. , 
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_ Table 3: Benefits for Alternative Strategies _ 

_ Benzene* Coke Ovens Acrylonitrile 

Percentage of BAT Results 
Relaxed Uniform Standard 1 * 

Benefit c 
Costs 

Differential Standard 0 
Benefits 

Costs 


Cost per Life Saved (in $1 million) 


Relaxed Uniform 6 

3.9 

8.8 

64.2 

incremental BAT 

41.6 

4.7 

274. 

Differential 

2.5 

0.93 

42.1 

incremental BAT 

80.4 

8.3 

286. 

Net Benefits (1 millionlyear) 
BAT 

~2.2 

“13.9 

“28.8 

Relaxed uniform 

“1.1 

“6.4 

“8.0 

Differential 

“0.6 

0.5 

-4.9 


a. Estimates are based on data available to EPA when the standard was proposed. 

b. Defined as: 

maleic anhydride: 90 percent 
coke ovens: doors only 

acrylonitrile: AN monomer and nitrile elastomer plants 

c. Defined as: 

maleic anhydride: 97 percent control for plants with exposure factors greater than 
0.6 

coke ovens: doors and topside for plants with factors greater than 2.0 
acrylonitrile: BAT controls for AN monomer and nitrile elastomer plants with 
exposure factors greater than 0.2 


VkA 

on 

uv 

UX. 

57 

61 

29 

96 

81 

60 

37 

33 

18 


broad source categories. Section 112 is typical; the BAT standards apply 
to all plants within the source category. This approach ignores the fact 
that plants located in high density areas affect many more people and 
produce much greater exposure reduction for the same amount of emis¬ 
sion control. 116 

Table 3 summarizes the application of these alternate regulatory 
strategies to the three pollutants. Alternatives that target controls on the 
high-exposure plants are referred to as "differential standards." Both the 
relaxed standards and the differential standards reduce costs much more 
than they reduce benefits. The cost-per-lifc-saved estimates, however, 
are still quite high. In fact, the only alternative that yields positive net 
benefits at a value per life saved of $1 million is differential standards for 
coke oven emissions. The other alternatives result in net losses ranging 


116. The maleic anhydride plant located in St. Louis, for example, accounts for 
approximately 80% of the overall benefits. See Haigh, Harrison A Nichols, supra note 12, 
at 27. 


from $0.6 million for differential standards for maleic anhydride plants 
to $28.8 million for the BAT standards for acrylonitrile plants. 

The wide range in net benefits demonstrates the need for more 


detailed analysis of alternative regulatory strategies for the specific po!- 


llltnntc In o/trtair»n 


the detasls of" estimatesmt. uchcihs <mo costs oi 


alternatives differ considerably among specific pollutants. Since the anal¬ 
ysis of the effect of uncertainty presumes a familiarity with the derivation 
of the estimates, a more comprehensive description of the case study 
results is presented below. 


/. Benzene 

Of the five maleic anhydride plants that would need new control 
equipment to meet a ninety-seven percent control standard, two already 
achieve ninety percent control. 117 Therefore, the marginal cost of increas¬ 
ing control efficiency in these plants by seven percent is quite high. EPA 
would save a substantial amount of money with little change in benefits 
by relaxing the standard to a ninety percent control level. The estimated 
exposure reduction is only six percent lower than at ninety-seven percent, 
but costs fall forty-three percent. 118 The cost per statistical life saved 
drops to $3.9 million, a substantial improvement over the BAT proposal. 
The cost per statistical life saved of BAT standards rises to $41.6 million 
when ninety-seven percent controls are compared to ninety percent con¬ 
trols. Therefore, unless the value of a statistical life saved is taken as 
greater than $41.6 million, the stricter standard is unjustified.’ IV 

A uniform standard of ninety percent control improves cost-effec¬ 
tiveness by screening out plants for which the proposed standard has 
little impact on emissions or exposure. Differential standards, which set 
tighter requirements for plants with high exposure factors, offer a more 
ambitious and controversial way of increasing efficiency. 120 In extreme 
form, differential standards based on exposure factors lead to plant- 
specific standards. Limited categorization is a more practical approach. 
The eight plants emitting benzene, for example, could be split into four 
"high-exposure" plants and four "low-exposure" plants. 121 A regulation 
requiring ninety-seven percent controls on only the high-exposure plants, 
and no additional controls on the other plants, yields ninety-six percent 
of the benefits of the proposed uniform standard at thirty-seven percent 
of its cost. 122 The differential standard also surpasses the uniform ninety 


117. See Benzene Emissions Background Information, supra note 58, at Tabic 1-5. 

118. See Haigh, Harrison A Nichols, supra note 12, at 28-29. Unfortunately, the 
| EPA has not developed cost estimates for 90% controls. A conservative estimate of the 
I net benefits of relaxing the standard results from assuming that 90% controls would cost 

just as much as those achieving 97% for the three plants that currently have no controls. 

119. id. 

120. See generally Harrison A Nichols, supra note 115 (discussing the advantages of 
varying standards in response to inter-plant differences in the marginal benefits of emission 
control). 

121. See Haigh, Harrison A Nichols, supra note 12, at 29-30. 

122. Id. 
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percent alternative, achieving slightly greater benefits at seventy-one 
percent of the cost. 123 Thus, even a crude, two-level differential standard 
significantly improves the cost-effectiveness of benzene standards , 124 

2. Coke Oven Emissions 

The EPA could improve the cost-effectiveness of BAT controls on 
coke oven emissions by eliminating controls on some sources of emis¬ 
sions. 125 Controls on charging are substantially less cost-effective than 
those for doors or topside leaks. 126 Eliminating the charging standard 
reduces costs by twenty-nine percent, but cuts benefits by only nine 
percent. Controls on door leaks are the most cost-effective component 
of the BAT standard, with a cost-effectiveness ratio of less than 
$1.8 million per statistical life saved. By imposing BAT standards solely 
on door leaks, the EPA would cut costs thirty-nine percent while retaining 
eighty percent of the benefits of the complete BAT standard. 127 

A total of fifty-four plants would be subject to BAT control require¬ 
ments, but seventeen plants currently meet the requirements. 128 The 
exposure to coke oven emissions varies widely across the remaining 
thirty-seven plants, with the exposure factor ranging from a low of 0.58 
to a high of 5.93. 129 The wide range in exposure factors offers an oppor¬ 
tunity to increase efficiency by restricting the standard — or portions of 
it — to plants with relatively high exposure factors. Of the thirty-seven 
plants, twenty-one have exposure factors greater than 2.0 pg/m 3 -person- 
years/kg. 130 A regulation imposing the door and topside standards only 
on those plants yields eighty-one percent of the benefits at only thirty- 
three percent of the cost of the uniform BAT standard. 131 

3. Acrylonitrile 

The thirty plants currently emitting acrylonitrile can be divided into 
four source categories: AN Monomer, acrylic fiber plants, nitrile elasto- 


!23. Id. 

124. Of course, the cost-effectiveness of the differential standards will vary with the 
categorization of the “high exposure** plants. Id. at 31. 

125. Although the data available to the EPA permit consideration of the individual 
components of the BAT standard for coke oven emissions, it is insufficient to analyze 
alternative levels for the different sources within plants. 

126. See Haigh, Harrison A Nichols, supra note 12, at 34-35. 

127. td . The door standard still docs not yield positive net benefits, however, unless 
the value ascribed to saving a life is at least $1.8 million (based again on the CAG risk 
estimate). Id. 

128. See id, at 16 (citing U.S. EPA, Draft Tables on Maximum and Minimum Emission 
Estimates from By-Product Coke Oven Charging, Door Leaks, and Topside Leaks on Wet- 
Coal Charged Batteries (Apr. 1983)), 

129. See id. at 33 (citing 1981 Background Information, supra note 90, at app. E). 

130. See 1983 Research Triangle Cost Estimate, supra note 90. 

131. See Haigh, Harrison A Nichols, supra note 12, at 35-36. 
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mer, and ABS/SAN resin plants. 132 The cost-effectiveness estimates vary 
widely among these source categories. A regulation restricting the BAT 
standards to the two most cost-effective source categories, the nil rile 
elastomer and AN monomer plants, would yield sixty-two percent of the 
benefits of the complete set of standards at twenty-nine percent of the 
cost. 133 The average cost per life saved, however, would still be qver 
$64 million. 534 Controls on even the most cost-effective category, nitrile 
elastomer plants, yield a cost per life saved of almost $48 million. Thus, 
none of the BAT standards for controlling acrylonitrile emissions can be 
justified on benefit-cost grounds. 

EPA model plant data indicate that a flare to control column-vent 
emissions from AN monomer plants would reduce emissions about sev¬ 
enty-six percent below uncontrolled levels at a cost of less than <>0.032 
per kilogram of acrylonitrile.' 35 Using the average exposure factor for 
those plants of 0.248 p.g/m 3 -person-years/kg, the implicit cost per life 
saved would be under $290,000, a relatively modest sum. 136 All of the 
AN monomer plants, however, already have such flares. 137 This fact 
affords at least one indication that manufacturers have already installed 
those control devices that are least expensive. 

As in the other two case studies, widely varying exposure factors 
offer opportunities to improve cost-effectiveness by limiting standards to 
high-exposure plants. 138 Regulations restricting BAT standards to AN 
monomer and nitrile elastomer plants with exposure factors greater than 
0.2 jig/m 3 -person-years/kg, for example, yield sixty percent of the ben¬ 
efits of the complete set of BAT standards at only eighteen peresnt of 
the cost. 139 The most cost-effective plant, however, has a cost-effective¬ 
ness ratio of approximately $18 million per life saved. 140 Thus, although 


132. 

Plants in the last three categories all use AN monomer as a feedstock. The largest feedstock use 
is acrylic fibers, employed primarily to manufacture nigs and clothing. ABS and SAN are loth 
resins used to produce hard plastics for such items as pipes, appliances, disposable utensils, and 
packaging. Nitrile elastomer is a type of rubber used extensively in the automobile industry for 
hoses, gaskets, and seals. 

Id. at 17-18. See also Energy and Envtl. Analysis, Inc., supra note 100, at 1-1 to 1-9. 

133. See Haigh. Harrison A Nichols, supra note 12, at 39-40. 

134. Id. 

135. See Key A Hobbs, supra note 100, Tabic VI-2. 

136. See Haigh, Harrison A Nichols, supra note 12, at 39-40. 

137. See Key A Hobbs, supra note 100, at app. F, at Table F-l. 

138. Another possibility is to consider less stringent regulations for the individual 
source categories. The EPA, however, has not analyzed such alternatives. 

139. See Haigh, Harrison & Nichols, supra note 12. at 40-41. The estimated reduction 
in emissions from controlling those plants is 312,000 pg/nP-person-ycars, while the esti¬ 
mated control cost is $8.4 million. 

140. Id. The estimated reduction in exposure from controlling that plant is 98.000 pg/ 
m’-person-years, while the estimated cost is $800,000. 
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differential standards substantially improve the cost-effectiveness ratios 
of acrylonitrile controls, they do not yield benefits commensurate with 
the costs of control. 

E. Summary 

The results of the three case studies indicate that uniform technol¬ 
ogy-based controls have vastly different net benefits depending upon the 
pollutant and the soured category. The implicit cost per life saved by 
BAT standards varies by a factor of almost 100 among the three pollut¬ 
ants. Moreover, in each of the three cases, alternate standards yield 
higher net benefits than BAT for any plausible value of risk reduction. 
For two of the three cases, however, even the most cost-effective stan¬ 
dards considered fail any reasonable benefit-cost test. In the third case, 
coke oven emissions, regulation produces positive net benefits fora value 
per life saved of $1 million only by relaxing the control standard and 
restricting it to high-exposure plants. 

These conclusions must be viewed as tentative, for they do not take 
into account the substantial uncertainties associated with estimating the 
benefits of controlling airborne carcinogens. 

III. Uncertainties in Estimating Benefits 

The benefit estimates discussed in the case studies employ point 
estimates of parameter values based on EPA data. Most of the estimates, 
however, are highly uncertain; the plausible range for the unit risk esti¬ 
mate in each case covers several orders of magnitude. Critics argue that 
such uncertainties render quantitative analysis too unreliable to guide 
policy. The key issue, however, is not whether the estimates are precise 
— clearly they are not — but how robust the conclusions are in the face 
of substantial uncertainties and potential errors. This Part evaluates each 
of the four steps in benefit estimation, beginning with the estimation of 
emission reduction. It addresses both the generic problems and specific 
examples from the case studies for each step. Additionally, it considers 
the potential importance of non-cancer control benefits that have not 
been quantified. 

A . Uncertainties in Estimating Emissions 

In theory, estimating emission reductions involves nothing more than 
monitoring the pollutant source before and after control, and subtracting 
the results. Despite this apparent simplicity, estimates of the reduction 
in emissions are far from precise. Several sources of uncertainty, common 
to the vast majority of regulations likely to be considered under section 
112, arise in measuring emissions. In the case of coke oven controls, 
emissions estimation may be the largest source of uncertainty in esti¬ 
mating the benefits of regulation. 


1984 ] 

The uncertainties in estimating emissions and emission reductions 
are particularly great at the level of individual plants. The EPA bases its 
emission estimates on a model plant and projects them to actual individual 
sources using a limited number of plant-specific factors. 141 In each of the 
three cases, for example, EPA assumed that all plants within a given 
category had the same uncontrolled emission rate. In reality, however, 
plants are likely to vary widely. An EPA contractor estimated that maleic? 
anhydride plants vary by a factor of three in the amount of benzene that 
is not converted in the manufacturing process, and that would thus be 
emitted in the absence of controls. 142 Nitrile elastomer plants emitting 
acrylonitrile show a similar range. 143 

Another factor creating uncertainty in model plant projections is the 
lack of adequate knowledge about the effectiveness of existing controls. 
Although many plants already have emission controls of some kind, due 
to state regulations. Occupational Safety and Health Administration 
(OSHA) standards, or economic self-interest in recovering valuable feed¬ 
stock or by-products, the EPA has made only rough estimates of the 
effectiveness of such controls. 144 

Finally, model plant estimates do not consider the effects of varying 
production levels on eventual emissions. Emissions depend on both the 
emission rate and the percentage of plant capacity used. 145 Few plants 
operate at full capacity; thus, benefit estimates must be adjusted down¬ 
ward to compensate for actual production levels. This problem is most 
severe when control techniques are capital-intensive because control 
costs are then fixed across all production levels while benefits vary 
directly with production levels. 146 Therefore, the EPA model plant pro¬ 
jections may be highly inaccurate predicters of emission reductions at 
actual plants. 

Even if emission estimates are accurate at the time they are made, 
they may not provide reliable projections of the impact of a proposed 
regulation. The effects are most dramatic in the case of maleic anhydride 
plants, where all of the uncontrolled plants identified by EPA when the 
regulation was proposed have since closed, switched feedstocks, or in¬ 
stalled controls. 147 In the case of coke ovens, the depressed state of the 


Ml. See Nichols, supra note 42, at 184-86. 

142. Benzene Emissions Background Information, supra note 58, at 1-7. See also, 
Nichols, supra note 42, at 181. 

143. See Radian Corporation supra note 100, at 43. 

144. See, e.g.. Benzene Emissions Background Information, supra note 58, at Table 
1-5 (presenting estimates of current benzene emissions from maleic anhydride plants). 

145. Obviously, as capacity utilization declines the production process uses less of 
the substance and therefore emits less of it. 

146. Benefits are proportional to the amount of emissions reduced and the emission 
reduction is related to the production level. Hence, if production levels drop, so do total 
benefits. Because capital costs arc fixed, the benefit-cost ratio also drops. 

147. See ir\fra notes 216-218 and accompanying text. 
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steel industry suggests that additional plants may close over the next few 

__I4D 

jrtflia.. 

Emission estimates are likely to be most uncertain when each plant 
has multiple “fugitive” sources (such as leaking doors), as the coke oven 
case illustrates. An EPA contractor presented minimum and maximum 
estimates, which vary by a factor of SI for door leaks, 6.4 for topside 
leaks and over 300 for charging leaks. 1 ** The results for coke ovens 
presented in Part II uso a simple average of the minimum and maximum 
estimates. 150 Substitution of the maximum estimates reduces the cost per 
life saved by less than a factor of two. Use of the minimum estimates, 
however, increases the cost per life saved by more than a factor of six 
for the BAT standard. 151 

Uncertainties about emissions appear to be most important for coke 
ovens because: (I) the uncertainties arc much greater for coke ovens 
than for either of the other cases; and (2) the coke oven decision is the 
“closest” one, with cost-effectiveness ratios in the plausible range. Even 
with the maximum emission estimates, however, it is not clear that the 
uniform BAT standard yields positive net benefits. 

These results suggest that it would be useful to narrow the range of 
estimates of emissions, from coke ovens, particularly if the tentative 
decision was to proceed with regulation. A plausible benefit-cost case for 
the BAT standard is possible only if actual emissions are in the upper 
end of the estimated range. 

2. Uncertainties in Estimating Exposure 

The dispersion models used by the EPA to predict pollutant exposure 
contain pervasive uncertainties. In particular, critics question the relia¬ 
bility of these models at substantial distances from sources and their 
ability to predict concentrations indoors, where individuals spend most 
of their time. 

Dispersion models for toxic air pollutants combine source charac¬ 
teristics, like the height and velocity of releases, with meteorological 
inputs, including wind speed, direction, and turbulence. 152 Although the 
methodology is straightforward, the accuracy of these dispersion models 
is uncertain. Model accuracy is difficult to evaluate empirically because, 
in many cases, measured ambient concentrations at a particular location 


148. See U.S. Envil. Protection Agency. Draft Tables on Maximum and Minimum 
Emission Estimates from By-Product Coke Oven Charging, Door Leaks, and Topside Leaks 
on Wet-Coal Charged Batteries (Apr. 1983) (provided by S. Grove, Office of Air Quality 
Planning & Standards). 

149. See. e.g., 198! EPA Draft Coke Oven Regulation, supra note 90, at I. The 
charging standard under consideration for coke ovens, for example, sets an upper bound 
on the number of seconds of visible emissions during the charging cycle. Id. 

150. See supra notes 90-99, 125-131 and accompanying text. 

151. See Haigh, Harrison & Nichols, supra note 12, at 61. 

| f e Benzene Emissions Background Information, supra note 58, at 4-11 to 4-17. 
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are hard to relate to emissions from the individual sources modeled." 5 

The accuracy of the models deteriorates as the distance from the 
source increases. 154 As a result, dispersion modeling usually is not carritd 
out more than thirty kilometers from the source plant. 155 In theory this 
truncation introduces a bias, understating total exposure levels. Concen¬ 
trations at greater distances, however, are typically very low, making 
resulting bias very minor as well. 156 * 

Dispersion models are designed to predict outdoor concentrations, 
but most people spend the vast majority of their time indoors. Recent 
studies of “indoor air pollution” suggest that concentrations of pollutants 
indoors may be very different from those outdoors. 157 Many of these 
studies, however, have involved pollutants that have indoor as well as 
outdoor sources. 158 Pollutants emitted solely by outdoor sources will have 
equal or lower average concentrations indoors than those outdoors. 159 
Therefore, the use of outdoor concentrations to estimate exposure levels 
may overstate the benefits of the regulations. 

Another source of uncertainty arises from the failure to use plant- 
specific data in estimating exposure from individual plants. Exposure 
levels around a particular plant critically depend on whether prevailing 
winds blow toward or away from densely populated areas. Variables like 
stack height, exit velocity, gas temperature and local meteorological data 
also affect actual exposure. 160 None of the case studies, however, used 
such plant-specific data to calculate exposure factors. 161 


153. C. Miller, Exposure Assessment Modeling: A State-oLthe-Art Review <I9''8) 
(report prepared for U.S. EPA) (EPA-600/3-78-065). 

154. - See Haigh, Harrison & Nichols, supra note 12, at 62-63. 

155. See. e.g.. 1979 Assessment of Exposure to Acrylonitrile, supra note 100, at 
Table VI-5; Benzene Emissions Background Information, supra note 43. at app. E-8. The 
modeling for maleic anhydride plants was carried out only to 20 kilometers, which may 
distort comparisons with the other cases. Id . To check for possible bias, exposures tor 
coke ovens and acrylonitrile were estimated using data carried out to only 20 kilometc rs 
and the results were compared with the original estimates. The comparisons were reassur¬ 
ing: the differences were only 9% for coke ovens and 1 \% for the acrylonitrile plants. See 
Haigh, Harrison & Nichols, supra note 12, at 63. 

156. See. e.g., 1979 Assessment of Exposure to Acrylonitrile, supra note 100, at 
Table VI-5. 

157. See, e.g.. Spengler A Sexton, Indoor Air Pollution: A Public Health Perspective, 
221 Science 9 (July 1983) (compiling the various primary studies on indoor air pollutants). 

158. Id. at II. 

159. Id. 

160. Greater accuracy could be achieved by using more plant-specific parameters, 
some of which could be measured with very low decision costs. It would seem particulariy 
easy and cost-effective, for example, to use local meteorological data. 

161. See 1981 Background information supra note 90, at app. E (extrapolating from 
Pittsburgh mcterological data to all coke oven plants); Benzene Emissions Background 
Information, supra note 58, at app. E, at E-8 (extrapolating from Pittsburgh mclerologk ;U 
data to all maleic anhydride plants); 1979 Assessment of Exposure to Acrylonitrile, supra 
note 100, at 26 (basing acrylonitrile results on generalized conditions rather than acti-al 
data from any particular area). 
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Finally, EPA estimates implicitly assume that individuals spend all 
of their time close to their homes; the population data are based on place 
of residence. 162 This assumption is accurate for children who attend 
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at or near home. It may, however, create larger inaccuracies for adults 
who work far from their homes. To the extent that concentrations where 
people work are different from those at home, the exposure factors will 
be inaccurate. Plants located in areas where more people work than live 
create higher than estimated exposure levels, but the opposite occurs if 
plants are located in areas where more people live than work. 

Uncertainties about the exposure factors used in these case studies 
have not been quantified. The uncertainties are greatest, however, at the 
level of individual plants, because of the failure to use plant-specific 
values for any parameters other than population. 163 No systematic 
sources of upward or downward bias are apparent in the case study 
exposure estimates. 

C. Uncertainties in Estimating Risk 

Estimating the unit risk factor is the most uncertain step in analyzing 
carcinogens. Evidence of carcinogenicity typically comes from either 
high-dose animal studies or from epidemiological studies of workers ex¬ 
posed to relatively high concentrations of the substance. All three of the 
case studies described above relied on epidemiological evidence of car¬ 
cinogenicity as the primary basis for risk assessment. 164 Thus, none 
involves the difficult and controversial task of extrapolating carcinoge¬ 
nicity from animals to humans. 165 Risk estimates in the case studies did, 
however, require substantial extrapolation from high-dose to low-dose 
exposure. 166 

The problem of extrapolating from high-dose data to low-dose ex¬ 
posures arises because neither epidemiological studies nor laboratory 
experiments with animals are capable of detecting low-level risks. 167 
Several mathematical models have been developed to perform the nec¬ 
essary extrapolations. 168 Unfortunately, neither current theory nor em¬ 
pirical evidence provides unambiguous support for any one model.' 69 

162. See, e.g.. Benzene Emissions Background Information, supra note 58, at app. 
E, at E-6, 

163. See supra notes 152-62 and accompanying text. See also Harrison, Distribu¬ 
tional Objectives in Health and Safety Regulation, in The Benefits of Health and 
Safety Regulation 177-201 (A. Ferguson A E. LeVeen eds. 1981) (estimating exposure 
to automotive air pollution at work as well as at home). 

164. See supra note 81 and accompanying text (benzene). See supra note 92 and 
accompanying text (coke ovens). See supra note 103 and accompanying text (acrylonitrile). 

165. See E, Crouch A R. Wilson, Risk/Benefit Analysis 64-68 (1982). 

166. These studies often measured risk, however, at doses 1000 or more times higher 
than the exposure levels affected by the regulation, Id. at 114-16. 

167. Id. 

168. See Nichols, supra note 42, at 164-70 (discussing the various models). 

169. Id. 
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Most regulatory agencies, including the EPA, use the “one-hit” 
model or a variant of it. 170 That model assumes that cancer can be induced 
by a single “hit” of a susceptible cell by a carcinogen. Thus, the model 
does not yield a threshoid below which there is a zero risk of cancer. At 
low exposure levels, the predicted risk is proportional to the dose; if the 
relevant dose is 1000 times lower than that at which the risk was mea¬ 
sured, for example, the estimated risk is also 1000 times lower. Because 
of this property, the “one-hit” model is often called the “linear” model, f 

It is difficult to tell how much of the linear model’s popularity is due 
to scientific belief in its accuracy as opposed to a value judgment that 
decisionmakers should be conservative in the face of great uncertainty. 
In any event, most scientists accept the linear model as providing an 
upper-bound estimate of cancer risk.' 71 

The other models commonly used in estimating cancer risk are con¬ 
vex at low doses; as the dose is reduced, risk falls more than propor¬ 
tionately.' 72 Given the same data, these models all predict smaller low- 
dose risks than the linear mode!. 173 In fact, when the extrapolation from 
measured risk covers two or more orders of magnitude, as typically 
happens in EPA regulation, the other models’ estimates may be treated 
as zero because they are so much lower than the linear model’s projec¬ 
tions. 174 Thus, regulations to reduce low dose exposure to environmental 
carcinogens must rest on a belief that the linear model has a significant 
probability of being correct. 

Ideally, experts could assess the probability that each of the possible 
models is correct, and then use those probabilities to compute an ex¬ 
pected dose-response function. Unfortunately, such assessments are not 
available. If they were, it is likely that the expected dose-response func¬ 
tion would be approximately linear at low doses, because the nonlinear 
models predict such small risks that the linear model component would 
dominate so long as the probability assigned to the linear model s cor¬ 
rectness was nontrivial. Note, however, that the unit risk factor for the 
expected dose-response function would not be as large as that estimated 
by the linear model alone; the estimated risk would equal approximately 
the pure linear estimate times the probability that the linear model is 
correct. Thus, while it may be reasonable to assume that the expected 
benefits of control are proportional to the reduction in exposure, esti¬ 
mates of reduced mortality in this article are probably too high, perhaps 


170. See, e.g.. E. Crouch and R. Wilson, supra note !65, at 115. 

171. In its preliminary report on benzene, for example, the CAG said that the linear 
model **is expected to give an upper limit to the estimated risk.” See Carcinogen Assessment 
Group, Office of Health A Envtt. Assessment, U.S. Envtl. Protection Agency, Carcinogen 
Assessment Group's Preliminary Report on Population Risk to Ambient Benzene Exposures 
I (1977) (unpublished paper). 

172. See Nichols, supra note 42, at 164-70. 

173. See id. (providing equations for the various models and an example of their 
widely different predictions at low doses when estimated from the same high-dose data), 

174. See id. fig. 7.2, at 168. 
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by a substantial margin, because they rely exclusively on the linear 
model. 

Even if one accepts the linear model, controversies about the inter¬ 
pretation of epidemiological data make the unit risk estimates uncertain. 
Exposure levels in epidemiological studies often cause the greatest dif¬ 
ficulties because the exposures typically occurred many years earlier 
when few measurements were made. 173 The controversy surrounding the 
CAG’s risk estimate for benzene illustrates this problem and others that 
can arise in interpreting epidemiological studies. 176 

The CAG based its unit risk estimate for benzene on data from three 
epidemiological studies. 177 In each case, it had to make assumptions about 
exposure and other factors. Many of these assumptions have been criti- v 
cized for overstating the risk. 17 * Two EPA analysts, for example, con¬ 
cluded that the CAG risk estimate was too high by a factor of four. 179 An 
occupational physician testified that the CAG estimate should have been 
lower by more than a factor of ten. 180 The differences between these 
estimates and the CAG’s are particularly startling because they were 
based on the same studies and model. 

Disputes about the appropriate dose-response model and the inter¬ 
pretation of highly imperfect epidemiological studies make it impossible 
to develop unit risk estimates for any of the three substances that can be 
defended rigorously. The unit risk estimates used in Part II, however, 
probably reflect an upward bias, primarily because they were derived 
solely from the linear model. 1 * 1 


175. See Address by S. Lamm to the EPA in Washington, D.C. (Aug. 21, 1980) 
(testimony for the American Petroleum Institute at hearings on the proposed standard for 
maleic anhydride plants) (hereinafter cited as Address by Lamm); see also R. Lukcn A C, 
Miller, Regulating Benzene: A Case Study (Sept. 1979) (U.S. EPA unpublished paper). 

176. See supra notes 80-89 and accompanying text (discussing the cost-effectiveness 
of benzene). 

177. See Final EPA Benzene Assessment, supra note 65. Studies included: one of 
workers in two plants using benzene as a solvent to make a transparent film, see Infante. 
supra note 81, at 76-78; another of Turkish shoe workers using benzene-based adhesives, 
see Aksoy, Leukemia in Shoe Workers Exposed Chronically to Benzene . 44 Blood 837 
(1974); Aksoy, Types of Leukemia in Chronic Benzene Poisoning: A Study in Thirty-Four 
Patients, 55 Acta Haematolooica 65 (1976); Aksoy, testimony before Occupational 
Safety and Health Administration, Washington, D.C. (July 13, 1977); and the third of 
workers in chemical plants using benzene, see Ott, Townsend. Fishbcck A Langner, 
Mortality Among Individuals Occupationally Exposed to Benzene (Exhibit 154) (OSHA 
Benzene Hearings July 19-Aug. 10, 1977), 

178. Critics have raised issues including the CAG's exposure estimates for all three 
studies, its inclusion of the deaths of two workers not in the original cohort of the Infante 
study, its failure to exclude workers exposed to other hazardous chemicals in the Ott study, 
and its estimate of the baseline risk in the Aksoy study. See Nichols, supra note 42, at 170 
(summarizing the criticisms of the CAG study); Address by Lamm, supra note 175. 

179. See R. Lukcn A C. Miller, supra note 175. 

180. Address by Lamm, supra note 175, at 4. 

18 L See supra notes 170-75 and accompanying text. For benzene, several studies 
suggest further that the CAG has overestimated the linear model's coefficient. See supra 
notes 176-80 and accompanying text. 
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To the extent that the unit risk factors are too high, the expected 
benefits of controls are overestimated. Revising those estimates down¬ 
ward reinforces the earlier conclusions that benzene and acrylonitrile 
controls are not cost-effective. 1 * 2 It also reinforces the conclusion that 
uniform BAT standards on all three sources of emissions from coke oven 
plants would not be cost-effective relative to less stringent regulations. 183 

i 

D. Uncertainties in Valuing Risk Reduction 

Critics of the use of benefit-cost analysis to evaluate environmental 
policy often focus on the difficulty of assigning a ’Value to life.” 184 The 
empirical studies of wage premiums for occupational risk cited in Part 11 
cover a wide range, from several hundred thousand to several million 
dollars per life saved. Even that wide range, however, is sufficient to 
reject BAT standards for maleic anhydride plants and for all four types 
of plants emitting acrylonitrile. It is also sufficient to indicate cost-ben¬ 
eficial modifications of the coke oven regulations, though not sufficiently 
precise to determine if more limited regulation of coke ovens is justified. 

Several objections can be raised to the use of wage premium studies 
to value risks reduced through environmental regulation. If workers are 
not fully aware of the risks they run, wage premiums will not reflect the 
workers true willingness to accept risk in exchange for higher pay. ,H5 In 
addition, dangerous jobs tend to be filled by individuals willing to accept 
risks for lower compensation. 186 Thus, even if the wage premium studies 
accurately measure trade-offs acceptable to workers studied, they may 
underestimate the general population’s willingness to pay for reduced 
risk. 

Despite these criticisms, some simple examples suggest that the 
higher end of the range of values estimated by the wage premium studies 
is more likely an overestimate than an underestimate. If the value per 
life saved is $5 million, for example, the government should impose auto 
safety regulations that cut the risk of traffic fatalities in half as long as 
the control cost per new car is less than $12,500.'* 7 With that same value 


182. See supra notes 117-24 and accompanying text. See also supra notes 132-140 
and accompanying text. 

183. See supra notes 125-31 and accompanying text. 

184. See, e.g., Donigcr. supra note 23, at 518-19; Rodgers, Benefits, Costs, and 
Bisksz Oversight of Health and Environmental Decisionmaking. 4 Harv. Envtl. L, Rev. 
191, 196-98(1980). 

185. See Raifla, Schwartz A Weinstein, Evaluating Health Effects of Societal Deci¬ 
sions and Programs, in Decision Making in the Environmental Protection Agency 
(1977). 

186. /</. at 37, 

187. As there arc roughly 50.000 automobile-related fatalities each year, such a :ech- 
nology would save 25,000 lives annually. If the value per life saved is 55 million, then the 
value of the technology would be $125 billion. If we assume further that there are 10 mdlion 
new cars sold each year, then the technology would be worth up to $12,500 per car. See 
Haigh, Harrison A Nichols, supra note 12, at 68. 
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per life saved, a family of four with the median yearly income should be 
willing to give up about one half of that income in order to face the 
average overall death rates that prevailed in 1975 rather than those from 
1970. 188 

A more fundamental philosophical objection is based on the distinc¬ 
tion between voluntary and involuntary risks. 189 Individuals are free to 
choose their jobs (and their cars). In contrast, people, as individuals, 
have little choice about the quality of the air that they breathe. Society 
should be willing to pay much more to avoid such involuntary risks, the 
argument continues, than individuals would spend to reduce hazards over 
which they have personal control. Supporters of benefit-cost analysis 
reply that it makes little sense for the government to make fundamentally 
different trade-offs than individuals would when confronted with similar 
private choices. 190 Decisionmakers, however, may be especially con¬ 
cerned about distributional implications if the risks are unusually large 
and concentrated among a small group of individuals. 191 

Two factors suggest that, in general, a lower value should be ascribed 
to lives saved through the regulation of environmental carcinogens than 
to many other public choices involving risk. First, cancer is dispropor¬ 
tionately a disease of the elderly, so each life “saved” represents rela¬ 
tively few additional years of life. 192 Regulatory programs should be 
evaluated in terms of years of life saved, not total lives saved. 193 This 
suggests that the value per life saved should be lower for evaluating 
regulations to control carcinogens than for analyzing other programs, 
such as highway safety, that prevent the deaths of younger people. 

The second factor is the substantial delay between control expen¬ 
ditures and reductions in risk due to time lags between exposure to 
carcinogens and the onset of disease. Conventional benefit-cost analyses 
discount streams of benefits and costs to reflect the time value of money. 
Economists differ as to whether discounting should be applied to health 
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benefits. 194 Most theoretical discussions support discounting, 195 but in 
common practice the timing issue is ignored, 196 

Discounting reduces the relative value of saving lives through control 
of environmental carcinogens, because the benefits of reducing exposure 
are realized many years after the costs are incurred. At a discount rate 
of five percent, for example, a twenty-year time lag reduces the value pf 
risk reduction by sixty-two percent compared to an immediate risk re¬ 
duction, say through improved fire protection. 197 

The valuation of risk reduction remains uncertain and highly conten¬ 
tious, with little prospect for agreement on any particular dollar value 
for saving a life. The problem is at least as much one of ethics and politics 
as it is one of science and the interpretation of empirical evidence. EPA, 
however, cannot avoid making trade-offs between protection and control 
costs, whether it does so explicitly or implicitly. Fortunately, precision 
may not be very important because many decisions are correct over wide 
ranges of values. Moreover, it is possible to narrow the range presented 
earlier by reducing the high end. Values much in excess of $1 million per 
life saved appear difficult to justify, particularly for airborne carcinogens 
for which the benefits are delayed and the lives saved are relatively short. 


E. Unquantified Benefits m 

EPA’s procedures almost certainly overstate the cancer-reduction 
benefits of controlling hazardous air pollutants. By focusing solely on 
cancer in its quantitative estimates for section 112 pollutants, however, 
the EPA may miss other important health and environmental benefits. 
Many carcinogens, including the three considered here, have also 
been associated with non-cancer health effects at relatively high doses. 199 
For most of these non-cancer effects, however, scientists generally accept 


188. See Bailey, supra note 70, at 45-46. 

189. Sec E. Crouch and R, Wilson, supra note 165, at 85. 

190. See, e.g., Zeckhauser, supra note 67, at 419. 

191. For a general discussion on distributional effects of environmental regulations, 
see Harrison, supra note 163; Harrison and Portncy, Who Loses from Reform of Environ¬ 
mental Regulation in Reform of Environmental Regulation (W. Magat cd. 1982). 
See also D. Harrison, Who Pays for Clean Air? (1975) (discussing the cost and benefit 
distribution of federal automobile emission standards). 

192. The death rate for the type of leukemia associated with benzene, for example, 
is more than 26 times higher among people aged 70 to 74 than among children aged I to 5. 
See Final EPA Benzene Assessment, supra note 65, at Tabic 1. 

193. Zeckhauser and Shepard argue that mortality benefits should be summarized in 
terms of the discounted number of “Quality Adjusted Life Years” (QALYs) saved. Their 
QALY measure adjusts benefits to include reductions in the quality of life due to disability, 
for example. See Zeckhauser & Shepard, Where Now for Saving Lives?, 40 Law and 
Contemporary Probs. 5 (Autumn 1976). 


194. See, e.g., Raiffa, Schwartz & Weinstein, supra note 185, at 42-49. 

195. See, e.g., id. at 49. 

196. See, e.g.. Page, Harris & Bruser, Removal of Carcinogens from Drinking Water: 
A Cost-Benefit Analysis (Jan. 1979) (Social Science Working Paper #230, California Insti¬ 
tute of Technology, Pasadena, Cai.). 

197. The equation for discounting is B/(l + r) E - PV, where B is the benefit in current 
dollars, r is the discount rate, x is the number of years from today in which the benefit 
accrues, and PV is the present value of the benefit. In the example given, r equals .05 and 
x equals 20; the present value of the benefit today (PV) is 37% of B. 

198. This article, and therefore this section, considers only human health benefits; 

■ no consideration is given to benefits related to reduced wildlife and plant damage from 

these toxic substances. See, e.g.. Acrylonitrile Assessment Document, supra note 77, at 
88-100 (describing the effects of acrylonitrile on plants, domestic wildlife and aquatic 
j organisms). 

| 199. Office of Research & Dev., U.S. Envtl. Protection Agency, Assessment of 

I Health Effects of Benzene Germane to Low-level Exposure 48-65 (1978) (EPA-600/1-78- 
061) (noting benzene’s association with aplastic anemia and other serious blood disorders) 
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the concept of zero-risk thresholds, and current environmental exposures 


snnsar lie far below the re! 


Chromosomal damage — mutagenic effects — may be an exception, 
as scientists are less willing to assume that such effects have thresh¬ 
olds. 2 ^ All three of the case study pollutants appear to cause chromo¬ 
somal damage. 202 None, however, has been associated with birth defects, 
and analyses by EPA’s health experts emphasize mutagenic evidence as 
corroborating the carcinogenicity of the substance, rather than as a sep¬ 
arate concern. 203 

The “conventional pollutant” benefits associated with controlling 
some hazardous air pollutants may be more significant. States have reg¬ 
ulated benzene and acrylonitrile to help meet the ambient standard for 
ozone. 204 Coke ovens have been regulated to meet the particulate ambient 
standard. 203 In addition, controls on section 112 pollutants may also 
control other pollutants. If maleic anhydride plants use incineration to 
control benzene emissions, for example, they would also reduce carbon 
monoxide, a “conventional” pollutant covered by an ambient standard. 206 


Occupational exposure represents still another potentially important 
omitted benefit category. Some controls designed to reduce emissions to 
the ambient environment also reduce the exposure of workers. This effect 
is most likely to be significant when the emissions are from low-level, 
fugitive sources, as is frue of coke ovens. If the sources are elevated 
stacks, as with maleic anhydride plants emitting benzene and the acry¬ 
lonitrile plants, environmental controls are unlikely to have much impact 


on workers. 

The importance of these omitted benefit categories varies widely 
across specific regulations. In the three cases discussed, they do not 
affect the basic conclusions for maleic anhydride plants and acrylonitrile, 
primarily because the cancer benefits arc so small in those cases and the 


thereinafter cited as Health Effects of Benzene); EPA Coke Oven Assessment, supra note 
90. at 54-63 (noting the acute and chronic toxicity of coke oven emissions); Acrylonitrile 
Assessment Document, supra note 77, at 116-48 (noting the acute, subacute and chronic 
toxicity of acrylonitrile). 

200. See, e.g., Nichols, supra note 42, at 152 (benzene). 

20|. fd. at 162. 

202. See Acrylonitrile Assessment Document, supra note 77, at 156-66; Final EPA 
Benzene Assessment, supra note 65, at app. 1-5; EPA Coke Oven Assessment, supra note 
90, at 27-52. 

203. See, e.g,, Final EPA Benzene Assessment, supra note 65. at app. 1-5. 

204. See, e.g., (3 Slate Air Laws) Env’t Rep. (BNA) 521:0621,521:0631-:0664 (1983) 
(Texas' regulation of volatile organic compound emissions); (I State Air Laws| Env't Rep. 
(BNA) 346;050l, 346:0521 (1983) (Florida's regulation of volatile organic compound 
emissions). 

205. See, e.g.. (I State Air Laws] Env’t Rep. (BNA) 301:0501, 30l:05l3-:05!5 (1982) 
(Alabama’s restrictions on coke oven emissions); id. at 336:0501, 336:0512 (1984) (Dela¬ 
ware’s restrictions on coke oven emissions); (2 State Air Laws] Env’t Rep. (BNA) 
411:0501, 411:0516 (1982) (Michigan’s restrictions on coke oven emissions). 

7 '5 Fed. Reg. 26,660, 26,661 (1980). 
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only potentially important omitted benefits appear to be those associated 
with conventional nothitants. To the extent that such benefits are impor¬ 
tant, benzene and acrylonitrile are probably best addressed by the frame¬ 
work established for other conventional pollutants •— state implementa¬ 
tion plans for existing sources and new source performance standards 
for new ones. 1 * 

The omitted benefit categories arc more troubling for the coke overf 
case, primarily because it is a closer decision on the basis of cancer 
reduction benefits alone. The quantitative significance of the additional 
benefits from reduced worker exposure and reduced particulate emissions 
cannot be evaluated, but it seems unlikely that they would be sufficient 
to justify the uniform BAT standard over the alternatives of a less strin¬ 
gent uniform standard or a differential stategy targeted at high exposure 
plants. 


F. Summary 

Huge uncertainties pervade estimates of the benefits of regulating 
airborne carcinogens. As a result, the figures presented in Part II iriust 
be viewed with a strong dose of skepticism; they may well be in error 
by orders of magnitude. These uncertainties, however, do not alter the 
major conclusions of the case studies. 

The clearest conclusions emerge for the four source categories emit¬ 
ting acrylonitrile. The cost-effectiveness ratios foremission controls were 
ten or more times higher than the plausible range of values for risk 
reduction. 207 Nothing in this section has suggested that benefit estimates 
err by that margin. 2tM< 

The calculations for benzene emitted from maleic anhydride plants 
gave a substantially narrower result, although the estimated cost per life 
saved was still in excess of $6 million. 209 Several factors suggest that an 
accurate estimate of the expected cost-effectiveness ratio would be sub¬ 
stantially higher. They include: (If-the general issue of the appropriate 
dose-response model; 210 (2) evidence that the CAG overestimated the 
linear model's risk factor; 211 and (3) a significant rise in the cost per life 
saved when the estimates are adjusted for less than full capacity 
operation. 212 

The most ambiguous results arise in the case of coke ovens, although 
a BAT standard for charging emissions almost certainly would fail a 


207. See supra notes 132-140 and accompanying text. 

208. Unless, of course, one favors a nonlinear dose-response model, but that would 
cut in the other direction. 

209. .See supra notes 87-89 and accompanying text. 

210. See supra notes 167-175 and accompanying text. 

211. See supra notes 176-180 and accompanying text. 

212. See supra notes 145-146 and accompanying text. 
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benefit-cost test, 213 Whether the uniform door and topside standards 
generate positive expected net benefits remains in doubt. Two issues 
raised in Part III, however, weigh against those standards: (!) the likeli- 

hnrvl that thp niir#* linear mnrlAl nv^rACtimatPc th^ ricV *21-4 ,* n A 
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\cf me cviueaec suggesting umi a vatue on nsx reuucuon mucn in excess 
of $1 million per life saved cannot be justified. 215 In fact, it is unclear 
whether even differential standards limited to high-exposure coke plants 
would yield positive net benefits. Such standards, however, unquestion¬ 
ably represent an alternative superior to uniform BAT standards. 


G. Postscript 

Recent developments reinforce our conclusions regarding benzene 
emitted from maleic anhydride plants and cast further doubt on the 
wisdom of imposing standards on coke ovens. After the maleic anhydride 
standard was proposed in 1980, five important changes took place: 
(I) four plants shut down; (2) two plants converted to n-butane, appar¬ 
ently in response to higher benzene prices; (3) the largest plant installed 
controls and began to convert all of its capacity to n-butane; (4) an 
additional plant was “discovered;” and (5) EPA reduced the BAT stan¬ 
dard to the equivalent'of ninety percent control. 216 As a result, had the 
standard been imposed, it would have applied only to the newly discov¬ 
ered plant, a small one located in a lightly populated area, and the 
estimated health gain would have been to prevent approximately one 
case of cancer every 300 years, 217 Citing those minimal potential health 
impacts, the EPA withdrew the proposed standard for maleic anhydride 
plants in early 1984. 2,8 

More recent estimates from the EPA indicate that coke oven plants 
also pose a smaller threat than estimated earlier. Data in a recent EPA 
report suggest that the BAT standards would save less than five lives per 
year, in contrast to over ten lives per year estimated on the basis of the 
earlier data. The newer EPA estimates rely on higher emissions but much 
lower exposures, based on newer modeling using meteorological data for 
each plant. 219 Even more recently, the CAG lowered its estimate of unit 


213. See supra notes 125-127 and accompanying text. 

214. See supra notes 167-175 and accompanying text. 

215. See supra notes 67-72 and accompanying text. 

216. See A. Nichols, Targetino Economic Incentives for Environmental 
Protection 157 (1984). 

217. M. 

218. 49 Fed. Reg. 8386(1984). 

219. See Office of Air Quality Planning A Standards, U.S, Envtl. Protection Agency, 
Coke Oven Emissions from Wet-Coal Charged By-Product Coke Oven Batteries — Back¬ 
ground Information for Proposed Standards (Sept. 1983) (draft EIS) (Research Triangle 
Park, N.C.). This document does not calculate reductions in fatalities or exposure. It does, 
however, include estimates of unit risk and baseline emissions and cancer cases, from 
which it is possible to measure average exposure per unit of emissions. The document also 
gives estimates of emission reductions, from which reductions in cancer cases can be 
estimated. 
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risk and the EPA learned that additional plants have shut down,.so the 
estimated annual reduction in cancer cases has fallen to about two. 220 It 
thus appears that coke ovens are no longer a “close” case; although no 
cost estimates are available for the closed plants, the estimated cost per 


Case avnid p d fnr fh#» RAT' ctonHorrlc 
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IV. Findings v 

The three case studies illustrate many of the problems and uncer¬ 
tainties involved in estimating the benefits of environmental regulation. 
Although benefit-cost analyses of such regulations can never be very 
precise, these studies suggest that quantitative assessments of benefits 
can provide valuable information to regulators interested in improving 
the efficient use of society’s resources. In this Part, some of the lessons 
from the case studies are summarized, first with respect to section 112 
of the Clean Air Act and then with respect to the more general use of 
benefit-cost analysis to evaluate strategies for regulating health-threat¬ 
ening pollutants. 


A. Section J12 

In dealing with “hazardous air pollutants” covered by section 112 of 
the Clean Air Act, the EPA has consistently followed a technology-based 
approach to regulation. The “generic” policy proposed in 1979 would 
have formalized this approach in an attempt to speed up and routinize 
the process of listing and regulating such substances. 221 More recently, 
some members of Congress have suggested forcing EPA regulation of 
section U2 pollutants by giving the agency a deadline for making deci¬ 
sions on a list of thirty-seven substances. 222 The BAT approach to regu¬ 
lation is flawed because it implicitly treats airborne carcinogens as a 
homogeneous class. The case studies indicate that airborne carcinogens 
are a very heterogeneous class, with wide variations in benefits (and 
costs) across substances and source categories. 

/. Heterogeneity 

Even within a small sample of three pollutants studied, the risk 
reduction benefits from controlling emissions* vary enormously because 
of differences in carcinogenic potencies and in exposure patterns. Each 
; kilogram of coke oven emissions, for example, causes about 500 times 
: as much cancer risk as a kilogram of acrylonitrile or a kilogram of benzene 
emitted from a maleic anhydride plant. 223 Regulatory analyses that focus 

! 


J 220. Personal communication from Teresa Gorman, Office of Policy, Planning A 
J Evaluation. U.S. Envtl. Protection Agency, Washington, D C. (Apr. 12, 1984). 

221, See supra notes 43-50 and accompanying text. 

; 222. See supra text accompanying notes 55-56. 

j 223. See Haigh, Harrison A Nichols, supra note 12, at Table 2.1. 
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on the feasibility and affordability of controls ignore these critical 
differences. 

The cost per unit of risk reduction also varies greatly across the 
three cases, differing by a factor of more than !00 between coke plants 
and the least cost-effective acrylonitrile category. These wide variations 
suggest that a policy of applying BAT standards to all sources emitting 
airborne carcinogens imposes higher than necessary costs to achieve any 
given level of overall risk reduction, individual substances and source 
categories must be considered on their own merits, taking account of 
potencies and exposure levels as well as technology and affordability. 

2. Modest Benefits From Control 

The desirability of strict regulations on airborne carcinogens is easily 
overstated. In both the benzene and the acrylonitrile cases, for example, 
a small number of sources emit millions of kilograms of proven human 
carcinogens each year. Moreover, the controls being considered are em¬ 
inently affordable; their costs are estimated at less than two percent of 
total sales. 224 

The case studies show, however, that only modest health benefits 
are likely to result from the regulations. BAT standards for both acrylo¬ 
nitrile and maleic anhydride plants would have a combined effect of 
avoiding less than one cancer death per year. The coke oven standards 
would provide substantially larger benefits, but even in that case the gain 
in public health seems rather modest for standards that apply to a major 
industry on a nation-wide basis. 

Of course, it is not certain that all section 112 regulations would 
yield similarly small benefits. The case studies, however, cast doubt on 
the proposition that control of airborne carcinogens will lead to major 
reductions in the nation’s cancer burden. The fact that the pollutants 
considered here have been assigned relatively high priority by EFA re¬ 
inforces this skepticism. 

B. The Role of Benefit-Cost Analysis 

I . Evaluating Proposed Regulations 

Existing methods of quantitative assessment may not yield clear 
answers as to the cost-effectiveness of regulations in all, or even most, 
cases. Many of the components in benefit estimation are highly uncertain. 
Because the final estimate typically is a multiplicative function of these 
individual components, the overall level of uncertainty is extremely high. 
Nonetheless, robust conclusions often can be drawn to help regulators 
avoid imposing some regulations for which the benefits are far smaller 
than the costs. Benefit-cost analyses may also identify regulations that 
clearly provide positive net benefits, although none of the instant case 
studies identified such a regulation. 


224. See, e.gsupra text accompanying notes 87-88. 
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2. Improving Regulations 

Most discussion of benefit-cost analysis focuses on its role as a “test” 
for proposed regulations. Benefit-cost analysis is even more useful, how¬ 
ever, as a tooi for designing regulations. In all three of the case studies, 
less stringent controls yielded most of the benefits of the BAT standards 
at far lower cost. Although none of these modified uniform standards 
resulted in clearly positive net benefits, all were more efficient than the 
original BAT standards. If benefit-cost principles were applied early in 
the regulatory process and used to guide the selection of control options 
for detailed analysis, even larger gains could be realized. 

The case studies indicate that regulatory efficiency is maximized by 
exploiting marginal differences in the benefits of control among sources. 
These differences arise primarily because of differences in population 
densities around plants; the public health benefits of controlling emissions 
are far larger in cities than in lightly populated rural areas. In all three 
cases, restricting standards to areas where the marginal benefits of control 
are relatively high led to impressive efficiency gains over uniform 
standards. 

2. Information Requirements and Delays 

If they are to be useful to decisionmakers, analytic techniques can 
not rely on data that are unduly expensive or time consuming to obiain. 
Analysis is not free; it consumes scarce resources that could be put to 
other uses and may cause delays in an already lengthy regulatory process. 
Fortunately, a great deal can be done with information that is already 
collected by EPA. Also, a sharper set of decision criteria should speed 
up rather than delay the regulatory process. Note that the technical data 
for all three case studies were based on information developed as part* of 
EPA’s BAT strategy for controlling hazardous air pollutants. Thus, per¬ 
forming the kinds of analyses presented in this article should not signif¬ 
icantly increase either the costs or the delays of the regulatory process. 

For relatively close decisions, such as the coke oven case, additional 
information could prove useful, particularly in four areas: (!) cost and 
emissions estimates for a wider range of control options; (2) more plant- 
specific data for exposure estimates (as were recently developed by EPA 
for coke ovens); (3) estimates of non-cancer benefits, particularly ttiose 
associated with conventional pollutants (such as ozone and particulate 
matter); and (4) development of techniques for estimating the expected 
level of cancer as well as the “plausible upper bound” now used by FPA. 

Adoption of benefit-cost principles could reduce the amount of in¬ 
formation required to regulate in many cases. Current efforts, fci ex¬ 
ample, typically include studies of the “economic impact” of regulations, 
attempting to predict their effects on plant closings, product prices, and 
the like. Such impacts arc of second-order importance relative to the 
direct benefits and costs of control. Application of benefit-cost principles 
j in allocating agency resources may also reduce the costs of analysis by 
leading to the curtailment of the regulatory process before large expenses 
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have been incurred to gather data. The acrylonitrile case provides an 

excellent example; some crude analysis early in the regulatory process 

— based on the unit risk factor, existing levels of control, and average 

exposure factors — probably would have indicated the minimal potential 

benehts involved and consequently eliminated the need for detailed ana!- S 

ysis of control technologies and costs. 

. C. Conclusion 

Pleas for the use of benefit-cost analysis in environmental decision¬ 
making are commonplace. This article contributes to the discussion by 4 

illustrating how benefit-cost techniques might be employed to evaluate 
individual regulations, to identify promising alternatives, and to evaluate 
the robustness of regulatory choices relative to uncertainties. Although * 

the case studies reviewed here assess particular regulations for airborne 
hazards, the conclusions regarding the usefulness of benefit-cost princi¬ 
ples apply more generally. 

Over two dozen federal statutes require the regulation of toxic or 
hazardous substances. 225 Some of these explicitly call for a balancing of | 

benefits and costs, 226 while others use a "reasonableness” standard that | 

would permit such an analysis. 227 Those statutes that explicitly permit 
the consideration of only, health effects tend to deal with food products 
or common consumer items. 228 Thus, a benefit-cost analyis, although not 
applicable to all situations, could be applied far beyond the Clean Air 
Act. 

The advantages of benefit-cost principles must, however, be put into 
perspective. A benefit-cost analysis of an environmental program is not 
a substitute for good science or good judgment. To the contrary, explicit » 

estimation of health risks, and the amount that controls will reduce those 
risks, provides a context for incorporating both science and judgment ) 

into regulatory decisions. Cruder rules based solely upon evidence of j 

carcinogenicity or technological feasibility of control hide the real choices J 

involved in regulating health-threatening substances. I 


225. Office of Toxics, U.S. Envtl. Protection Agency, ChemicaJ Substances Desig¬ 
nation (Dec. 1981). 

226. See, e.g., Environmental Pesticide Control Act, 7 U.S.C. 55 136b<b), I36a(c)(5) 
(1982); Federal Hazardous Substances Act. 15 U.S.C. 5 1262(1) (1982); Toxic Substances 
Control Act. id. 5 2605(c) (1982); Food, Drug A Cosmetics Act, 21 U.S.C. 5 346a(bKI) 
(1982); Atomic Energy Act, 42 U.S.C. i5 2022(a), 2022(b), 2114(a) (Supp. V 1981). 

227. See. e.g.. Poison Prevention Packaging Act, 15 U.S.C. 5 1472(b) (1982); Haz¬ 
ardous Liquid Pipeline Safety Act, 49 U.S.C.A. 5 2002(b) (West Supp. 1983). 

223. See, e.g.. Food, Drug A Cosmetics Act 21 U.S.C. 15 342(aX2MA), 348(cX3)(A), 
360(dXIXH), 376(bX5)(B), 451, 601, 1031 (1982); Lead Based Paint Act, 42 U.S.C, 5 4831 
(1976 A Supp. V 1981). Other non-consumer statutes also focus exclusively on health 
factors. See, e.g., Surface Mining Control and Reclamation Act, 30 U.S.C. 55 1265(b), 
l266(bX9XA) (Supp. V 1981), Marine Protection, Research, and Sanctuaries Act of 1972, 
33 U.S.C. 5 1412(a) (1976). 
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Legislative and Regulatory Aspects of Risk. 
David R Brown ScB. 


I. Introduction; 

Tlie application of risk assessment at the state level a unique problem 
due to the pressure for rapid timely decisions., immediacy of political factors 
and the roles of state agencies. This hour will explore risk assessment at tiie 
state level as it is currently conducted in a New England state, Connecticut. 


First the state regulatory situation will be described showing that the 
risk assessment process follow the guidelines set forth in the federal 
programs. Perspective is provided as an overview of the process. This will 
be followed by discussion of three risk assessment problems currently under 
discussion, dioxin in air standard, drinking water standards and radon in 
water standards. 

III. Perspective 


A. Separation of management from risk assessment. 


B. Unique role of Departments of Health. 

1. Regulatory powers. 

. 2. Interstate communication. 

C. A differing view of uncertainty. 


-D. Myth of regulation,the Role of Good Science 

1. It is believed that regulatory standards rest or should rest on on a 
scientific base. Thus if the regulations are good they must rest on good 
science. It follow from the above that effort needs to be expended to assure 
that regulations are-scientifically defensible and credible to sustain pollution 
control decisions. (Paraphrased from fonner head of SAB) 


2. There are several myths around regulations and the regulatory process. 
This is shown by the interaction of science with politics as it relates to three 
questions derived from the above and show that the level of 
misunderstanding is unacceptably high. 
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3. Key questions about the process; 


7-a. Is bad science responsible for bad regulation ? 

*t>. Would improved precision in science improve regulation? 

"C. Have review boards improved the process from a public health 
perspective? 


To reveal my bias at the outset I would answer NO to all of the above. 


III. Background 

A. Characteristics of “good science" 

1. Controlled studies 

2. Valid methods 

3. Identification of test substances 

4. Verification of conclusions 


Characteristics of good regulation 

1. Complete analysis of the data 

2. Determination of limitations 

3. Plausibility of the conclusions 

4. Timely decisions 


C. Nature of the problem 

1. Items number 4 in A and B above ar e in conflict 

2. Not to decide is to decide 

3. Public health is not compatible with exposures while waiting 
• to decide, eg ALAR, ASBESTOS, RADON 

D. perceived conflicts in rights 

1. Individual vs corporate rights 

2. Articles IV and V of the Constitution 
3- Economic realities 

E. Examples of interactions of science and policy 

1. Poor science and good policy 

Chloridane 

2. Poor science and poor policy 
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Asbestos 

Alar 

3- Good science and poor policy 

Ethylene dibromide 
Benzene 


4. Good science and good policy 


Methylene chloride 
Most OP pesticides 
Radon 


F. Illustration of the need for risk assessment. 

1. The typical environmental exposures. 

2. The typical research protocol 

3 . Application of data to reduce uncertainty 


IV A state's approach to ground water contamination. 

The assessment and mitigation of groundwater contamination which 
affects private drinking water is one of the most difficult problems facing 
the health and environmental agencies at the state and local levels. 

A primary aspect of the problem is the need to make an immediate decision 
to terminate potential exposures even though the contaminants, their actions 
and tiie levels of exposures are not known. It is also important to 
acknowledge that water is essential for habitability of the home. 

This leaves the health official with need to make a decision with less than 
complete information. As a matter of principle these decisions should be 
health based and must be protective of public health. The decisions should 
also be defensible in the scientific sense. 


There is a fundamental difference in the goals of academic research and the 
need to reach a policy position. An academic researcher who is faced with 
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incomplete data correctly refuses to decide but waits for more data but this 
is a decision a public health official needs to decide because to wait is a 
decision in itself. 

The decision needs to have the following characteristics it must be 
protective of the public health it must be timely, it should be accurate and it 
should comply with the regulations. 

If there is no regulation the basis for these decisions is the general powers of 
the commissioner to protect the public, health. This was not working in 
Connecticut so the state set up a procedure for handling the situations 

It is important to also understand the scope of the problem. Over the last 
ten years Connecticut has had over 1400 wells contaminated. These wells 
served 300,000 people. Under these circumstances it is not possible to 
Handle individual instances with a risk assessment approach. 


A joint program has ben developed betweeen the departments of health 
services and the Departments of environmental protection. Within Health 
Services the process involves two groups the toxic hazards section which is 
responsible for risk assessment and the water supplies section which is 
responsible for correcting the problem. 

The process is based on a statute within the Dept of environmental 
protection. The bottled water law. 


V. The state Dioxin standard 

A. Criteria for standard 

B. Legislatures role. 

» 

VI. The water radon standard 

A. Background radon data 

B. Effect of the strict standard setting process 

* 

VII. Summary. 
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Hari V. Rao, Ph.D. and David R. Brown, Sc.D. 

Connecticut Department of Health Services 

Division of Environmental EpidemloLogy and Occupational Health 
150 Washington Street 
Hartford, CT 


ABSTRACT 

Connecticut is the first state in the country to have adopted an ambi¬ 
ent air quality standard for dioxins at 1 pg/m^, 2,3,7,8-TCDD equivalents, 
as annual average. This paper describes the scientific basis and the meth¬ 
odology used by the State Department of Health Services (the risk assessment 
agency) in assisting the Department of Environmental Protection (the risk 
management agency) to establish a health-based dioxin standard* This stan¬ 
dard protects the public health from the aggregate effect of all sources of 
dioxin emissions in the vapor and particulate pfiases. The risk assessment 
methodology included: a -limit on total daily dioxin exposure from all media 
and sources based on reproductive effects, a multi-media non-source specific 
exposure assessment, an apportionment by media of the health-based limit 
(including background dosing rate), an evaluation of inhalation bioavaila¬ 
bility and cancer risk based on a calculation of a range of upperbound 
cancer risk estimates using different potency, bioavailability, and particle 
phase assumptions. 

Key Words . Reproductive Effects, Multi-media Exposure, Dose Apportion¬ 
ment, Bioavailability, Carcinogenic Potency. 


INTRODUCTION . //*.. .... .. 

This report describes the scientific basis for Connecticut's primary 
Ambient Air Quality Standard (AAQS) for dioxins established by the State 
Department of Environmental Protection (DEP) at I. picogram per cubic meter 
(1 pg/m^) 2,3,7,8-TCDD equivalents as annual average (a picogram is one 
tril-llonth of a gram). Dioxins and 2,3,7,8-TCDD arc used interchangeably in 
this report. The dioxin AAQS is based on the State Department of Health 
Services* (DHS) analysis of a Dioxin Health Risk Assessment prepared by Hart 
Associates. ^ The Health Risk Assessment was prepared in response to a 
legislative mandate, and designed to be consistent with DEP*s Air Toxics 
Program requirements. (2) Thus, the standard setting process was a -bilat¬ 
eral effort, which utilized the expertise oC the DHS in risk assessment, and 
of the DEP in risk management. A Scientific Panel served as an advisory 
body. 
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The details of the Dioxin Risk Ana Lysis, the key assumptions used, and 
their rationale are presented below: 


DIOXIN DAILY DOSE AND BODY BURDEN 

The risk analysis developed a rationale for consideration of daily dose 
and body burden for dioxins which are independent of specific sources. This 
was considered appropriate for the following reasons: 

First, dioxin exposure is multimedia in nature. Dioxins have been de¬ 
tected in air, soil, sediments, suspended sediments, water, fish, meat, and 
milk as well as in human adipose tissue, breast milk, and blood.w,4) The 
total body burden represents the sum of potentially significant individual 
contributions from the various media, sources and routes of human exposure. 
By comparing the relative contributions from each medium with the health- 
based limit, significant exposures can be identified and necessary measures 
taken to reduce such exposures. 

Second, the evidence suggests that there exists a background body 
burden of dioxins in the general population of industrialized nations. 

The body burden measurements provide an Indication of past exposure, and can 
be used to calculate the total daily dioxin intake from the background expo¬ 
sure. The health impact from this daily background exposure can be as¬ 
sessed, and thus incorporated into the standard setting process. However, 
the ways in which all of the various media, sources and routes contribute to 
this background exposure remain unknown. Although there are uncertainties 
in assessing exposures, an advantage of this approach is that it places the 
various media of exposure, including the overalL background multi-media 
exposure, in perspective. 


REPRODUCTIVE EFFECTS AND DOSE LIMIT 

Reproductive, developmental, and carcinogenic effects were determined 
to be health impacts of concern and were evaluated. Animal studies on 
2,3,7,8,-TCDD toxicity have clearly demonstrated that it is a developmental 
and reproductive toxin in a variety of species at relatively low doses. A 
review of the pertinent developmental and reproductive studies can be found 
in EPA's Health Assessment Document for PCDDs.(5) The reported adverse 
/outcomes include reduced fertility,fitter size and survival, offspring body 
weight changes, as well as cleft palate and kidney abnormalities. Among the 
available studies, Murray et al's (6) 1979 study on Sprague Dawley rats, 
and Allen et al’s (7) 1979 study on rhesus monkeys were considered appro¬ 
priate for quantitative assessment. 

Murray et al f s study examined the effects of dietary exposure to 
2,3,7,8-TCDD on reproduction in Sprague Dawley rats over three generations. 
The rats were given 0, 0.001, 0.01, and 0.1 ug/kg/day. No significant toxic 
effects were observed in the Fq generation during 90 days treatment prior 
to mating. The study showed that the lowest dose, 0.001 ug/kg/day had no 
effect on fertility, litter size or fetal survival. The authors concluded 
that the doses 0.01 and 0.1 ug/kg/day produced significant effects on the 
reproductive capacity through three generations, Fq, F[, and Tbe 

study indicated that the 0.001 ug/kg/day could be considered as a n^ effect 
level. A reanalysis of the Murray et al. data using a different statistical 
approach concluded the lowest dose was an effect level and that a no effect 
level could not be determined. (8) Since there was a question relative to 
the no effect level in the rat study, DUS considered the data on 2,3,7,8- 
TCDD r s effects on reproduction in rhesus monkeys. The doses adminIstered in 
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the diet were 0, 1,8 (50 ppt) and 18 ng/kg/day (500 ppt) up to 9 months. 
Following 7 months of treatment, the females were mated with tin treated 
males. At the higher dose (i8 ng/kg/day), there* was a decrease in serum es¬ 
tradiol and progesterone. The menstrual cycle was however not affected. 

Only three animals conceived, after which two shorted and one had a normal 
birth. At the 1.8 ng/kg/day dose serum estradiol and progesterone levels 
were normal. Eight treated females were mated with untreated males; there 
were six pregnancies, four abortions and two normal births. DHS judged that 
the results of the sensitive rhesus monkey studies could potentially support 
a more conservative effect level than that reported in the rat studies. Ac- 
cordingly, the 1.8 ng/kg/day lowest effects level was used to calculate a 
health-based limit on the total dioxin daily intake from multimedia exposure. 

Besides reproductive effects, turaorogcnic effects have been observed in 
rodent experiments following chronic exposure to low levels of 2,3,7,8-TCDD. 
For example, Kociba et al*s 1978 two year study tested cancer response in 
rats at doses of 1, 10, and 100 ng/kg/day. The 10 ng/kg/day dose caused a 
statistically significant increase in liver tumors in experimental animals 
versus controls, w) 


A comparison of the rodent dose-response data from the cancer study by 
Kociba (°) and reproductive study by Murray showed that the two ex¬ 
perimental adverse outcomes observed in separate bloassays, reduced fer¬ 
tility and liver tumors, appear to be the result of exposure to equi-toxic 
doses of 2,3,7,8-TCDD, i.e., 10 ng/kg/day. Thu experimental exposure dura¬ 
tions were different, 3 months for first reproductive effects, and 24 months 
for tumor effects (time to fatal tumor data are not available). For a con¬ 
gener like 2,3,7,8-TCDD, the cumulative dose is more critical than the dose 
rate* The data from reproductive and concur bioassays support this 

view. By factoring the exposure duration and calculating the cumulative 
dose for each outcome, it can be shown that 12 t:o 25 percent of the cumula¬ 
tive cancer dose causes fertility effects hi tin* same species. The cumula¬ 
tive dose analysis suggests that the potential ad verse reproductive effects 
from dioxin exposure present a substantial immediate concern and cancer is a 
chronic concern at the same levels of exposure. The data from the rhesus 
monkey studies by Allen et al (?) provide further support to the argument 
that the reproductive response is a very sensitive response. The experi¬ 
mental evidence points to a lower Lowest Observed Effect Level (LOEL), 1*8 
ng/kg/day, compared with a LOEL of 10 ng/kg/day. Identified in the rat 
studies. Factoring these values, and the exposure duration of six months in 
f the non-human primate studies, and thjee months in the rat reproductive bio¬ 
assays, even a smaller fraction, approximately 40 percent, of the cumulative 
administered dose (rats) can be estimated to elicit adverse reproductive 
effects in rhesus monkeys, i.e., the latter species exhibits 2-3 fold great¬ 
er sensitivity than the rodent species. The cumulative dose response anal¬ 
ysis places the sequence of health concerns - reproductive, developmental 
and carcinogenic in perspective. 


A further concern arose from the experimental observations of Moore et 
al which showed that high levels of the unmetabolized dioxin congener, 
2,3,7,8-TCDD, were excreted in milk and that each rat pup actually received 
a higher dose during the first week after birth than was administered ini¬ 
tially to the mother. ^3.) This study revealed that while TCDD crosses the 
placenta in the rat, exposure of the offspring occurs mainly through nurs¬ 
ing. Thus the maternal milk pathway is a significant pathway affecting neo¬ 
natal development in rats. Dioxins have been detected in human breast milk 
but there is no evidence to link dioxin exposure through nursing to human 
neonatal developmental toxicity. It was concluded that the animal data on 
reproductive effects can be used to derive a total dose limit to human ex¬ 
posure ip 2,3,7,8 - TCDD equivalents. Thus, the reported LOEL 1.8 ng/kg/day 
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in. the rhesus monkey study was reduced by an Uncortn inty Factor of 1000 to 
estimate the dose limit at 1.8 pg/kg/day. 

DOSE APPORTIONMENT BY MEDIUM 

Since cumulative dose is relevant to dioxin effects and since there are 
multiple media and sources of dioxins, it was necessary to consider an ap¬ 
portionment approach. 

Assumption * Considering the multi-media nature of dioxin exposure, the 
health-based limit of 1.8 pg/kg/day (based on reproductive effects as most 
sensitive response) should be apportioned by medium of exposure and an al¬ 
lowable level established for each medium. This apportionment considers po¬ 
tential background exposures to be significant. 

Rationale . Although the background dioxin levels in the environment 
contribute to the total human body burden, this Information was not factored 
in the calculation of the health-based total dose limit of 1.8 pg/kg/day. 
Thus the limit reflects the total theoretical permissible daily dose of di¬ 
oxins from all media of exposure, including background exposure. It repre¬ 
sents the maximum daily dose that shouid not he exceeded to assure that no 
adverse health effects occur over a lifetime of exposure to dioxins. There¬ 
fore when assessing only one of the severai possible exposure media, it is 
necessary to apportion the health-based Limit to account for other potential 
exposures. 

The first step in apportioning multi-media exposure of humans to di¬ 
oxins was to estimate the background contribution to total dioxin exposure. 
The average daily intake of dioxin can be estimated using a linear, one com¬ 
partment model: (3) 

Background Dose Rate = Body Bunion x In 2 / haif-life 

(ng/kg/day) (ng/kg) (days) 

Assuming that a human weighs 60 kg, has 20 percent fat, and lias 7 ppt dioxin 
in fat (ng/kg),(12) then the body burden of dioxin is 84.0 ng. The half 
life is assumed to be 5.8 years (2120 days) 0-3) and the dose rate is esti¬ 
mated to be approximately 0.45 pg/kg/day. Travis and Hattemer-Frey esti¬ 
mated through half-life modeling and 70 kg assumption that human exposure to 
2,3,7,8-TCDD is about 0.4 pg/kg/day. (3) An EPA calculation showed a 
range of estimates of daily intake of 2,3,7,8 - TCDD between 0.04 to 0.51 
pg/kg/day. The daily dioxin intake value used by D!IS is in reasonable 
agreement with those reported above. This background exposure at 0.45 
pg/kg/day (direct and indirect) represents 25 percent of the health-based 
limit of 1.8 pg/kg/dayo 

Estimates of the relative contributions from air, food, water, and soiL 
to the daily human exposure to dioxins were calculated from literature 
data. The available data on dioxin exposures were reviewed, in particular 
the Federal Ontario dioxin exposure assessment document. This 

document assumed that dioxins in the Ontario environment are principally 
from incineration processes. Based on concentrations and contact rate the 
relative contributions were estimated to be: air (60%), water (5%), soil 
(5%), and food (30%). DHS adjusted this apportionment to account for (i) 
potential beef and milk exposure, and (ii) sensitive sub-groups (infants and 
children - milk pathway). Thus DHS estimated the relative contribution to 
be: air (40%), water (5%), soil (5%), and food (50%) in tiie Connecticut 
environment. 

The relative source contribution of 40 percent from the air medium was 
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derived from the worst case exposure assessment of: the Ontario environ¬ 
ment.'^-' The Ontario data represent the im veniremen is of stack air (there 
was no ambient air data) and the leveLs found In samples of fish, pork, 
poultry products, drinking water, human fat* and the soil in the vicinity of 
an incinerator. The Canadian assessment used (i) an estimated maximum an¬ 
nual average ambient air concentration of 8.4 pg/nP TCDD equivalents (60% 
apportioned intake); (ii) for water, a concentration of 0.002 ng/L TCDD 
equivalents (5% intake); (iii) for soil, a leveL of 81.1 pg/g TCDD equiva¬ 
lents (5% intake); and (iv) for food consisting of fish, poultry, pork and 
eggs, 29.6 pg/g (30% intake). No meat, milk and fruit analyses were pro¬ 
vided in the Ontario analysis, consequently, the Connecticut food apportion¬ 
ment was adjusted to 50%, and air to 40%. 

For the air medium (40% apportionment), the matrix was considered to 
include both vapor and particulate phases (the ambient air quality standard 
takes into account both phases). Dioxins and furans released from a variety 
of combustion sources have been shown to exist, in vapor and particulate 
phases (^5). The vapor phase, as well as Lhe particulate phase (assumed 
to be 100 percent in the respirable range) represent an inhalation hazard. 
Moreover, volatilization from the background and atmospheric transport of 
these semivolatile organics can potentially add to inhalation exposure. 

Based on sampling data and modeling, 2,3,7,8-TCDD in the urban air has been 
reported to exist in the particulate phase between 40 and 80 percent (^) 
whereas the octaisomer is 100 percent particle hound. 

The vapor phase half-life through photo Lysis has been reported to be 
under six hours, and for the particulate phase the half-life is several hun¬ 
dred hours* At locations close to the spectrum of combustion sources expo¬ 
sure to vapor phase dioxins via inhalation cmn occur, in addition to direct 
inhalation of the respirable particulate phase*. The background leveLs of 
dioxins in the vicinities of resource recovery facilities in Connecticut 
have been measured. The values (48 hr average) are: Mean - 0.045 pg/m^ T 
0.77, Maximum = 0.719 pg/m^, Range - 0.004 to 0.719 pg/m^ dioxin equiva¬ 
lents, and N - 130. Fish samples (background monitoring) showed that the 
levels ranged from 0.23 to 8.95 pg/g for TCDF, and from a method detection 
limit of 0.05 to 6.15 pg/g for 2,3,7,8-TCDD. The monitored background data 
for Connecticut, although limited, indicate that botli the atmospheric and 
food chain exposures .are potentially significant human exposure pathways. 

The settling velocity is an important factor in determining the signif¬ 
icance of exposure pathways. Whereas*the Inhalation exposure pathway con¬ 
tributes to a constant absorbed dose (1 pg/m^ x 20 ra^/day - 20 pg/day) 
from the vapor and particulate phases (this LnhnLed dose is independent of 
settling velocity), the dose estimate for the indirect food chain pathway Ls 
dependent on the settling velocity assumption. For example the Hart analy¬ 
sis d) showed that the food chain contribution increased with increasing 
settling velocity from 56, 80, to 98 percent for settling velocities of 
0.0003, 0.001, and 0.01 m/sec respectively, for the same ambient concentra¬ 
tion. 


The question arises as to the appropriate settling velocity -to use in 
dose calculation. Travis et al's 1987 analysis used a settling velocity of 
0.0023 m/sec and 100 percent particle-phase distribution to estimate the 
food pathway's contribution to total daily intake (98 percent). On the 
other hand, a settling velocity of 0.001 m/sec was used in the Hart document 
to estimate the food chain contribution (80 percent). Additionally, if 
the particle phase distribution were to be factored into the calculation (40 
to 80 percent for 2,3,7,8-TCDD) then the food chain pathway percent contri¬ 
bution would be in the 56 to 72 percent range. Connecticut’s 40 percent re¬ 
lative source contribution from air, and 50 percent from food to the daily 
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dioxin intake are consistent with an average settling velocity of 0.001 
m/sec, and 60/40 particle-vapor phase d 1 ;;t.ri Inti Ion assumptions. It should 
be emphasized that the exposure assessment and done apportionment for the 
Connecticut assessment are based on the assumption that direct inhalation 
intake is from vapor and particulate phases, and the indirect intake is pri¬ 
marily from the particulate phase. The apportioned daily dosing rate asso¬ 


ciated with air exposure is 0.72 pg/kg/day (40 percent of 1.8 pg/kg/day). 
The equivalent dioxin concentration in ambient air is 2.2 pg/rn^ (0.72 
pg/kg/day x 60 kg/20 per day). The calculations and conversions are 


based on the do*e limit of 1.8 pg/kg/day. 


DEP RISK MANAGEMENT 

The DEP considered the DHS assessment, the Hart assessment and their 
factors in the risk management phase. 

Connecticut DEP reviewed a range of heaith-based estimates for a dioxin 
equivalent AAQS - 0.1 to 2.2 pg/m^. The lower bound value (0.1 pg/m^) 
comes from the initial Hart analysis and the upper bound, from the DHS anal¬ 
ysis. DEP decided to reduce by a factor of 2.2 the highest concentration in 
the range and derived a level of 1 pg/m0. This dioxin equivalent concen¬ 
tration of 1 pg/m-3 was proposed and adopted as the AAQS. 

The DEP management decision to apply nn additional safety factor of 2.2 
was based on the desire for an added margin of protection against potential 
carcinogenic and immunotoxic effects and on .operatLug considerations. Hits 
safety factor assured that no exceedences of the heaith-based limit would 
occur through indirect and background exposures. According to DEP, the de¬ 
cision considered other management inputs, such as monitoring and enforce¬ 
ment as well as analytical and statistical considerations. 

The following analysis explains the health rationale for the 2.2 factor 
and shows how the standard of 1 pg/m^ is protective of human health: At 
the maximum ambient dioxin concentration of 1 pg/m^ from all combustion 
sources, the daily inhaled dose can be estimated to be 0.33 pg/kg/day (60 kg 
human body weight and 20 m3 air breathed in a day). This calculated dose 

represents about 18 percent of the heaith-based limit of 1.8 pg/kg/day. The 
Hart document provided an estimate of the indirect contribution from 1 
pg/m^ air dioxin concentration to be about L.O pg/kg/day (100 percent par- 
'ticle phase assumption and 0.001 m/se& settling velocity). This intake Is 
55 percent of the limit. Adjusting for 40 to 80 percent particle phase, the 
indirect dose can be estimated to be 0.4 to 0.8 pg/kg/day (22 to 44 percent 
of the limit). Additionally the background can potentially contribute to an 
estimated 0.45 pg/kg/day (25 percent of the limit). Thus, the direct 
(inhaled), indirect, and background intakes can contribute up to 65 to 98 
percent of the health-based limit. If the 2.2 safety factor is not applied 
to the 2*2 pg/m^ estimate, a potential doubling of the dose would occur 
and the target limit would be exceeded. A higher safety factor (10) was 
considered not necessary since DEP proposed to regulate individual sources 
through an emission standard that ensures each source will have an insignif¬ 
icant impact on ambient air. The dioxin AAQS 1 pg/m^ is thus considered 
to be protective of public health. 


DIOXIN EXPOSURE AND CANCER RISK 

The potential cancer risks from chronic exposure to dioxins via inges¬ 
tion (indirect pathway) and inhalation (direct pathway) were evaluated. The 
calculation used the standard approach that: i.lu* product of the exposure dose 
(pg/kg/day) and the potency value represents f.h* v potential upperbound risk. 
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Ingestion Risk . The ingestion risks from the indirect exposure pathway 
were estimated for three deposition scenario.*;. The calculation assumed 
that 100, 80, or 40 percent of the dioxin in tin* ambient air is In the par¬ 
ticle phase and that the settling velocity is O.OOL m/sec. The estimated 
doses, 1*0, 0.8, and 0.4 pg/kg/day were multiplied by the oral potency 
values to calculate the potential upperbound rinks, as shown in Table l. 

Inhalation Risks . Inhalation risk assessment for the direct exposure 
pathway focussed on the administered dose via inhalation, 2,3,7,8,-TCDD’s 
potency via inhalation, and the effect of the matrix factor on dioxin’s 
potency. 

Administered Dose . The concentration in the ambient air (pg/m^) and 
the contact rate (20 m^/day) for a human body weight assumption (60 kg), 
and 100 percent pulmonary absorption determined the administered dose 
(pg/^g/day) via inhalation. A second calculation considered the particle/ 
vapor nature of the airborne dioxins as well ns the matrix effect and used 
an absorption factor of 50 percent to calculate the administered dose. 

Inhalation Potency and Matrix Effect . Since 2,3,7,8-TCDD's potencies 
for the vapor and particulate phases via inhaLation are not known, the oral 
potency values are used to predict the inhalation rink. This is considered 
a conservative approach for the following reasons: 

Dioxin’s potency estimates are based on the administered dose. In the 
lifetime feeding study the rats were given a diet mixed with dioxin dis¬ 
solved in acetone matrix. (9) The bioavailabi 1. i Ly of dioxin in this matrix 
is reported to be 85 percent, compared with the values, 25 to 50 percent for 
the soil matrix, (17* 18) and 1 to 4 percent for the flyash matrix. (19) 
These bioavailability values are for oral/gastrointestinal absorption. The 
absorption values for the soil and flyash matrix Indicate that considerably 
higher doses, 2 to 20 times higher than the done In acetone matrix are re¬ 
quired to produce the same dioxin concentration in the liver and elicit a 
tumor response. Such a shift in the dose/renjmnso curve relative to the 
matrix effect would predict a lower potency estimate for ingested dioxin. 
Thus the use of the oral potency values (acetone matrix) to predict the 
inhalation risk, particularly for inhaling pari, iole bound dioxins, is con¬ 
sidered conservative. Table 1 presents the estimated inhalation risks for 
100 and 50 percent absorption assumptions. 

/ 

/ Table 1. Dioxin Exposure and Upperbound Cancer Risk Estimates 

__ 4 ___ 

10“° Risk Specific Dose (fg/kg/day) ** 

Dose * Assumption EPA CT FDA EPA *** 

(pg/kg/day) 6 36 60 100 


Direct 

0.33 

100% Abs 

5.5x10-5 

9x10"5 

5.5x10-5 

3.3x10-5 

0.17 

50% Abs 

2.8x10-5 

4.5x10 

2.8xl0- 6 

1.7x10-5 

Indirect 

1.00 

100% part 

1.7x10 

2.8x10-5 

1.6x10 5 

1.0x10-5 

0.80 

80% part 

1.3x10-4 

2.2x10-5 

L.3x10-5 

8x10-5 

0.40 

40% part 

7x10-5 

l.lxLO-5 

7x10-5 

4x10-5 


* The dose was estimated for a dioxin concentration of 1 pg/ra^, a 
breathing rate of 20 m^/day and a human body weight of 60 kg. 

** Femtogram (one quadrillionth of a gram). 

*** Proposed potency estimate. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 





Depending on the scientific assumptions used and the estimate of the 
carcinogenic potency of dioxin, the range of tippo.rbounds on total risk from 
indirect and direct exposure- to 1 pg/m^ ranges from 2 x 10 “^ T 5.5 x 
10-5 + 1.7 x io-4 ) to 6 x 10-6 ( 1.7 x iq -6 + 4 x 10-6). In the 
scientific judgement of DHS, the risk was estimated to be at the lower end 
of the range or 6 x 10 - 6 . ^ potential risk in the L 0“6 range is con¬ 

sidered acceptable for an aggregate air standard for all sources of dioxin 
emissions. However, for individual Resource Recovery Facilities, the poten¬ 
tial cancer risk from ambient impact is even lower and is In the 10 
range. The background estimate (0.45 pg/kg/day) represents a risk in the 
IQ-5 - 10“6 range, depending upon the assumptions used. 


DISCUSSION AND CONCLUSION 

Connecticut is the first state in the country to adopt a dioxin AAQS 
that protects the public health from the combinod effects of all sources of 
dioxin emissions. The AAQS is an aggregate standard and is different from 
the "standards" of other states which are in fact only maximum allowable 
impacts for individual RRFs. According to Connecticut DEP, "no resource 
recovery facility in the state is predicted to have an ambient impact of 
more than 0.037 pg/m^ dioxin equivaie nts." (2) This maximum predicted 
impact for each RRF represents about 4 percent of the AAQS, and is consis¬ 
tent with the limits imposed by other states (Massachusetts 0.15, Pennsyl¬ 
vania 0.3, Rhode Island 0.02 to 0.2, and New Hampshire 0.09 to 0.27 
pg/m 3 ). The predicted maximum impact for each RRF in the state represents 
a potential upperbound carcinogenic risk in the 10~6 to iq- 7 range . No 
adverse reproductive and immunological effects are expected to occur at this 
impact level. The calculated dose for 0.037 pg/m^ impact level (direct 
and indirect) is 0.049 pg/kg/day and it represents about 3 percent of the 
health-based limit, compared with the background *s 25 percent. Clearly, 
there is a need to identify the sources contributing to the considerable 
background intake, and minimize such exposure. 

The non-source specific approach used in the risk assessment is a 
departure from incinerator-specific risk assessments. Appropriately, this 
approach takes into account the body burden and daiLy dose from all media 
and sources as well as the background exposures when estimating a total 
daily dose and comparing with the target dose Limit. The target dose limit 
assumption facilitated apportioning the dose by media/ While developing a 
.'rationale for the 40 percent air apportionment, it became apparent that the 
risk assessment is sensitive to the settling velocity assumption used. 
Inhalation (44 percent) and meat/milk ingestion (56 percent) are significant 
exposure pathways for a minimum particle settling velocity. (0.0003 m/sec) 
assumption, d) The relative significance of the inhalation exposure 
decreases as the settling velocity increases. At the settling velocity 0.01 
m/sec, the Indirect food chain pathway dominates (98 percent) although the 
concentration of dioxins in the air is the same. Therefore, risk assess- 
meats of this type should estimate exposures based upon several settling 
velocities as a means of estimating a range of potential exposures. This is 
particularly necessary since the location of the pLant affects the settling 
velocity. This type of analysis will help the risk manager to assess inha¬ 
lation-exposure separate from indirect multiple paLhway exposure, r if 
desired. A further improvement in dioxin risk assessment would come from 
the knowledge of vapor/particulate phase distribution of dioxins in ambient 
air. This information would improve the analysis of the indirect exposure 
pathways, since the deposition of dioxins from the ambient air has been 
shown to be particle phase dominated. (*- 6 ) 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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Letter to the New England Journal of Medicine 
[September, 1990 ] 

To the Editors: In their January 11 article Needleman et al. 1 report strikingly 
large effects of low lead levels on several late adolescence outcomes. For 
example, an estimated 7.4-fold increased odds of school failure was attributed 
to childhood lead dentin levels above 20 ppm. Such massive effects sizes 
contrast sharply with results of other studies relating low lead level to earlier 
developmental outcomes ***. The authors argue that the estimated effects 
represent causal relationships because their analysis controlled for ten socio¬ 
demographic covariates. This conclusion of causality may be premature, however, 
because the covariate set did not include measures of the quality of child care 
(i.e., parental responsitivity, involvement with the child, provision of books, 
suitable playthings, etc.), a primary confounder in previous studies of 
developmental lead effects. Thus the reported lead effects may be partly due to 
spurious association induced by variations in the caretaking environment. 

Indices of child care quality such as the HOME 5 and the CLL 5 have repeatedly 
been found to be strongly related to lead level in poor and working class 
children . Quality of child care is also strongly associated with 
developmental outcome 3 , including school performance through adolescence w . 
These confounding effects are conceptually distinct from and only partly 
accounted for empirically by socio-demographic variables such as maternal IQ and 
parental education 11 , which were included as covariates by Needleman et al. The 
fact that none of the reported lead effects were attenuated by inclusion of their 
covariates, as is usually the case in observational studies of low lead levels, 
indicates that confoundsrs such as child care may not have been fully controlled. 

On another matter, the present report is a follow-up of a 1979 report 13 
which troubled reviewers 13 , in part, because many cases were excluded a^ter 
testing. In a written response to the review 14 , Needleman reported data 
indicating that a key IQ analysis was substantially affected by 16 of the 
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excluded children with excess lead, or plumbism: Prior to exclusion, with 
N = 187, the lead effect t = -1.51 (p = .133, 2 - sided); after exclusion, with 
N = 171, t = -2.56 (p = .011). This suggests the presence of high IQ’s In the 
plumbism group. In the present follow-up report, the previously excluded cases 
who agreed to participate were incorporated in the analysis, including, in 
separate descriptive summaries, ten of the plumbism cases. Five of these 
plumbism cases had reading disabilities, and three out of seven failed to 
graduate high school. These high proportions of adverse outcomes seem to 
corroborate the hypothesized lead effect. However, In view of the apparently 
contradictory IQ data described above, a summary of the IQ scores of all 1$ 
plumbism cases would be helpful in assessing the implications of the findings. 


I CJVn. Cj 

[W A- 
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•■ANNALS'.- OF KADIATION 

CALAMITY on meadow jtkeet 


vj 


O N a Friday evening in 
mid-January of this 
year, Edna and Rob¬ 
ert Hemstock received a visit 
at their home, in Guilford, 
Connecticut—a town on 
Long Island Sound about 
fourteen mile* east of New 
Haven—from their friends 
Loretta and Fred Nelson, 
who also live in Guilford. 

Edna Hemstock, a vivacious 
woman in her middle forties, 
who is Robert’s second wife, 
works as an office manager 
for a manufacturing firm; 

Robert Hemstock, a red- 
haired, forty-nine-year-old 
man of Irish ancestry, is a 
free-lance consultant for ma¬ 
chinery design and product 
development. Loretta Nel¬ 
son, a slender, sombre woman in her 
early forties, works at a nearby elec¬ 
tronics plant; and Fred Nelson, an 
affable, wiry, gray-haired man of fifty- 
four, is an oil-burner serviceman. The 
two couples had become acquainted a 
year or so earlier, when the Nelsons’ 
seventeen-year-old daughter, Joyce, 
and Charles Hemstock, Robert’s twen- 
ty-year-old son by his first marriage, 
who had been living together in the 
Nelsons’ houM, on Meadow Street, 
learned that Joyce was pregnant. This 
was a cause of some concern to both sets 
of prospective grandparents, because in 
1982 Joyce, who is called Missy by her 
family and friends, had been found to 
be suffering from the extremely rare 
combination of glomerulonephritis—a 
disease of the kidney capillaries, which 



glontcruloi 
lipodystroph; 
but that he 
might be the 
vulnerability 
type of envir 
She went on 
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case of either 
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ounce girl. Sitting at tlie llcmstocks’ side. She then said 
kitchen table nearly three months later, father, Jonathan W 
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there most of his life, 
brain cancer in 1975. 
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Loretta Nelson made a point uf 
marking on how lucky (hey were to be 
grandparents, considering the threat 
that Joyce’s kidney ailment had posed 
to her pregnancy. She added, “And 
considering all the other illness there’s asthma, in 1989, had 
been on Meadow Street,” which caused tumor in the early nil 
Bob Hemstock to sit up and take notice. 

“That was the first time I’d heard 
anything about a lot of illness on 
Meadow Street,” Hemstock said re= 
cently. “Edna and I had visited the 
Nelsons oft several occasions while 
Missy was pregnant, and wc had met long and has on., .tr 
their neighbor Suzanne Bullock, wltose said, “Good God, Lc 
seventeen-year-old daughter, Melissa, ize how odd it is tc 
had been operated on for brain cancer brain cancer on one s 
earlier tlr&t year, but neither of us knew Loretta replied th: 

ts «t rrls Tin rc 
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STATE OF CONNECTICUT 
DEPARTMENT of HEALTH SERVICES 





PUBLIC HEALTH EDUCATION SECTION 
150 Washington St. Hartford, Connecticut 06106 

Telephone 566-4800 


FOR IMMEDIATE RELEASE 


August 22, 1989 


CONTACT: Matthew Cartter, M.D. 566-5058 

David Brown, Sc.D. 566-8167 


CAUTION URGED WHEN USING INSECT REPELLENTS 


Health officials in Connecticut, New York and New Jersey are advising 
people using insect repellents containing the chemical DEET on exposed skin to 
exerciset caution to avoid overexposure and possible reactions. Insect 
repellents should be used to prevent insect-borne problems, but they should be 
used with care. 

The advisory comes from the Connecticut Department of .Health Services, the 
New York Department of Health, and the New Jersey Department of Health. 

Public concern about Lyme disease, which is transmitted by infected deer 
ticks, and concern about this year's large mosquito population may cause some 
people to apply on the skin excessive amounts of insect repellents with DEET 
(N,N-diethyl-m-toluamide) for prolonged periods of time, thus increasing the 
chance of adverse reactions. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 




figure 7 
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OBS VS. EXP TESTICULAR CANCER CASES 
SOUTHINGTON, CT 1979 TO 1988 


NUMBER OF CASES 



OBSERVED CASES 006201000 
EXPECTED CASES 0.1 0.6 3 3.6 1.5 0.6 0.3 0.1 0.1 

AGE GROUP 


OBSERVED CASES 


EXPECTED CASES 





Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 







Mercury in Urine, Walerbury, CT, 1990 
Exposed v. Control Children 
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Index Child: Mercury ■ 680 ug/L, 24-Hr 
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Mercury (ug/L) 

B9 Exposed (n ■ 23) KM Control (n ■ 41) 
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ISSUES ADDRESSED BY DATABASE SEARCHES 


METHODS TO CHELATE AND MONITOR CHILDREN EXPOSED 
TO HIGH LEVELS OF MERCURY DURING AN ACUTE 
EXPOSURE INCIDENT 

IDENTIFICATION OF HUMAN HEALTH EFFECTS FROM 
DEET OVER-EXPOSURE TO INFORM STATE CONSUMERS 

ESTABLISHING PLAUSIBILITY OF BLADDER AND 
TESTICULAR CANCER FROM OVEREXPOSURE TO 
KNOWN CONTAMINANTS 

DEFINING ENVIRONMENTAL FATE OF HAZARDOUS 
MATERIALS TO ASSESS EXPOSURE PATHWAYS FROM 
ACCIDENTAL RELEASES AND IDENTIFIED WASTE SITES 

TOPIC SEARCHES TO KEEP UPDATED ON LATEST 
DEVELOPMENTS IN RISK ASSESSMENT, 
PHARMACOKINETICS, CLUSTER INVESTIGATIONS 
AND OTHER RELATED SCIENCES 


K 
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[EXAMPLES OF NLM DATABASE SEARCHES: 


1. LITERATURE SEARCH FOR DEET AND ITS HUMAN HEALTH 
EFFECTS. 

2. CHE-MICALS CAUSING BLADDER AND TESTICULAR CANCER 
IN HUMANS. 

3. INFORMATION ON HEALTH EFFECTS AND ENVIRONMENTAL 
FATE FOR CHEMICALS (TRI): 

- RELEASED IN WALLINGFORD TO EVALUATE WHETHER 
PUBLIC HEALTH THREAT EXISTS. 

4. LITERATURE SEARCH ON INSECT REPELLENTS. 

' 5. PHARMACOKINETICS AND RISK ASSESSMENT LITERATURE ' 
SEARCH (TO KEEP CURRENT AND TO UPDATE LATEST 
TECHNIQUES.) v " v0i '"‘ ! 

6. GROUND AND SURFACE WATER CONTAMINATION 

- T-BUTANGL 

- NICKEL 


7. AIR CONTAMINATION 

- DIOXIN 

- HCL 

- FOB 

8. FISH CONSUMPTION SURVEYS 


(D 
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CONNECTICUT’S DIOXIN STANDARD* 


1. Legislative mandate. 
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3- Background exposures. C831I0MHO3T 


4. Dose apportionment. 

5. Non-cancer endpoints. 
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METHYL-TERT-BUTYL ETHER (MTBE) 


AGENCIES HAVING GUIDELINES OR STANDARDS 


AGENCY 


STANDARDS 
CURRENT FUTURE 
(UG/L) (DATE) 


GUIDELINES 
CURRENT EOTURE 
(UG/L) (DATE) NOTE 


CONNECTICUT 


100 


ENVIRONMENTAL PROTECTION 
AGENCY 


9/90 


MASSACHUSETTS 


50 


MAINE 50 

NEW HAMPSHIRE 200 


RHODE ISLAND 


50 


VERMONT 


40 


STATES REQUESTING EPA TO SET STANDARD FOR MTBE UNDER SAFE DRINKING WATER ACT: 


CONNECTICUT 

MASSACHUSETTS 

MAINE 

NEW H AMPSHIR E 
NEW J ERSEY 

new Mexico 


31571 
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TOTAL NUMBER 

ESTIMATED TOTAL 

CONTAMINANT 

OF WELLS 

POPULATION 

‘ •* 

.' ; 0 

202 

113 1 

FUEL OIL 

59 

3213 

SOLVENTS 

406 

195993 

EDB 

356 

37643 

pesticide’ ‘ 

. 69 

12288 

Hn 

9 

29 

LEACHATE 

91 

671 

NITRATE 

87 

327 

SALT 

• 110 

11207 

OTHER 

35 

906 


TOTAL NUMBER OF WELLS * 1,368 

4 

ESTIMATED TOTAL POPULATION *• 255,282 
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STATE OF CONNECTICUT 

DEPARTMENT OF HEALTH SERVICES 


VOLATILE ORGANICS AND INORGANICS ACIIOH LEVELS 
April 1990 


The Department of Health Services uses Public Heal th Code Regulation 
19-13-B102 sad the following list to determine the gotahility e# drinking 
water supplies, The concentrations given are action levels and are expressed 
in mieregreaa per liter. 


COMPOUND ACTION LEVEL 

(MicrogrAss/ri'ter) 


Acrylonitrile 

Benzene 

Carbon tetrachloride 
1 t 2-Dibromoethene (EDB) 
Para-Diehlorobenzene 

1.2- Dichloroathane (IDC) 

1j1-Dichloroethylene 

1 . 2- DieIslerepropane 
1j3-Biehloroprepeae 
Dieldrin 

1,4 Dioxane 
Ethylene Glycol 
isopropyl Alcohol 
Manganese 

Methylene chlo ride 

Methylethyl K eton e 

Methyl tert-butyl qthe r (MTgj|) 

Polychlo rinat ed Biphenyls (PCB) 

Tetrachloroethylehe 

Toluene 

Eli I r Trichl oroethane 
TficElqroethyfghe 
Vinyl Chloride 


35 A 

1 A 

5 C 

* 0.1 B 

75 C 

1 I 

7 C 

5 i 

10 B 

0.81 B 

20 A 

100 A 

1,000 A 

5,000 B 

25 1 

1,000 A 

100 1 

1 A 

5 B 

1,000 A 

20b € 

5 C 

2 6 


A - Action level adopted .in 197R. 
t - Action J.ev01 eitfhlishfd 1980-1990 
By Connecticut DH S. _ ^ ... 

C “ Aeiioh level ahOptill from federal EPA standard* 


GJD/lka 

31601 


fO 

o 

W 

01 

01 

«£* 

Si 






Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 



T«W Number of W«Sa * 1368 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



TOTAL NUMBER 

ESTIMATED TOTAL 

NUMBER OF 

ESTIMATED POPULATION 

nnwiAMi want 

HC 1 ICI 1 o 
vi nLUUO 


POPULATION 

PRIVATE WELLS 

FOR PRIVATE WELLS 

GAS 


202 

11388 

118 

369 

FUEL OIL 


59 

3213 

55 

174 

SOLVENTS 


406 

195993 

241 

815 

EDB 


356 

37643 

301 

1029 

PESTICIDE 


69 

12288 

65 

236 

Mn 


9 

29 

9 

29 

LEACHATE 

1 

91 

671 

76 

482 

NITRATE 


87 

327 

86 

297 

SALT 


110 

11207 

80 

236 

OTHER 


35 

906 

27 

133 


TOTAL NUMBER OF WELLS.= 1,368 
ESTIMATED TOTAL POPULATION = 255,282 

Note: Individual estimated total population includes wells that were counted twice if the 


8TI9KSZ0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 




Halog, Hyd Gas & fuel oils Pesticides Others 


6TT9t^S^02 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 














HISTORICAL PERSPECTIVE 


CONNECTICUT INVOLVEMENT IN SETTING GUIDELINES/STANDARDS IN DRINKING WATHL. 


1976 

1979 

1980-1990 

1983 


PU BLIC HEALTH CODE ADOPTS) PA INTERS* PRIMARY AND SECOMART 
BRJNKJgG W Am S TANDARDS FOR PESTie^S, 8ADI0NUCUWBI, UWKGANICS 
AND TOTAL TRIHALOMETHANES 

C ONNECTICUT MS ADOPTED ACTIO N LEVS# Ml 11 VOLATILE OBSANICS OK 
RSeOHNENDAIION OF PA. REGION i 

DEVELOPED ACTION LEVELS FOR SPECIFIC CHMXGAI3 IN RESPONSE TO 
VEEA CONTAMINATION AMD Dp RK)US«If 

DNS AND Dp ESTABLISH!) JOINT HOIKS# COMMITTEE TO SR PRIORITIES 
FOR VOLATILE ORGANIC REGULATION 


1984 MS SET AN B®8BICT STANDARD, THBf A FINAL STANDARD FOR EDI 


1985 LEGISLATURE PASSED "POTABLE HATER" BILL) 


1185 


1988-1W6 


1989 


Ttcma: 

- PROVISION OF POTABLE VATM. |g»I^? TO IWTIWrrt KIT* 
eONfANllAf® NELLS Wk&Sm IW 

- BASIS * HEALTH E«Ti»»}I*ATI8!7 ft 9KS OORMISSlOMIl 
00MEGTIG9T EIGHT STAH SUEVSir 9Q8MB BASIS Of fKaBPtAXXON AX 

Pa OFiiei 6? msmiM Skip, hirac meeting 

- GOmCTI C^ MS RPTsHP SO SBAK BA BALYK ABfMWHS TRROOCH 

wmigim' 


SOffiBBCTICUT COrfCffATRP 





ft KATE AMD 


SIS HI tLSTS? RBg UIAT MV HLO MSS H &0k WB& W& WSSfBt VOLATILE 
(Sganic cheSigals AND OTMSS. 


31611 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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GASOLINE AND PETROLEUM PRODUCTS 

BENZENE 

MTBE 

FUEL OIL 


PESTICIDM 

DISLDRXM 

CHLORBANI 

PGB 

DICHLOROPROPANI 


OTHERS 

FREON 

© 

SODIUM N 



Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



HALOGENATED HYDROCARBONS 


CMLOEIFORM 

TRICHLOROETHYL1KE 

TETRACHLOROETHTIiP 

DICHLOROETBTklP 

TRICHL0R0ET8ME 



Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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change the advisory,” said spokesman Philip Covington. 

* 

FESTICIOE BILL GETS FIRST OK: A Senate paik ap¬ 
proved a controversial food safety bill Wednesday intended 
to keep any pesticide off crops if it poses at least a one-in-a- 
million risk of causing cancer. The Bush administration 
wants a clause added to eliminate differing state pesticide 
laws in effect now. But the U.S. Public Interest Research 
(Jroup contends doing so would pre-empt states’ right to set 
stricter food safety standards than the federal government. 


. , ( 


JUSTICE RESIGNATION: The head of the Justice De- .. 

payment's criminal division, Edward Dennis Jr., is resign-, ' 
ing to join a Philadelphia law firm, The Associated Press 
reported. Dennis, the first black to head the Justice Depart-, 
ment’s criminal division, will become a senior partner at 
the Philadelphia firm of Morgan, Lewis and Bockius, the 
AP - ' enort^iy is unrelated to recent turmoil ' 

neral Dick Thornburgh. Dennis 

■ w iminisf'"'* 5 *n: , y ' “v- 

" ./ 




Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



EFFECT OF UNCERTAINTY ON THE STARTING 
ASSUMPTIONS FOR REGULATORY DECISIONS. 


SCIENCE; 

Assume that something is not true until it has been conclusively 
demonstrated to be so to a level of statistical certainty, usually a 
P value of less than 0.05. 

When in doubt a request for more data is the correct decision. 


PUBLIC HEALTH; 

Forced to take action on suggestive but scientifically inconclusive 
evidence. Lack of data is often a reason to regulate or to warn 
about a possible risk. 

Lack of a decision that continues exposures is considered a 
decision of absence of risk. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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KEY QUESTIONS THAT NEED TO BE ADDRESSED 


i. Is it likely that a molecular interaction will occur over three orders of 
magnitude? 


Is it possible that there are no toxic effects at these exposure levels? A.io 

3- Are there any chemicals that are active are the ug/kg levels seen in the 
environmental studies? 

4. Are there procedures or techniques more likely to be of value in studies 
of low level toxicity ? 




Ves ' 

TCbh 

Bdafisfin 

jecxA 


Qobre- ue-r. 
4e4cLnu=s •4-oX'' n 
ftiCih 


4 • \/e 5 

P h a r m at oK i n dies 
tOorfro S-ku4 e_s 

les iTncxi'' rn6Y >''^ ,r ' 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
















FACTORS USED TO SET NOELS 


1. BODY AND ORGAN WEIGHT CHANGES 

2. TISSUE PATHOLOGY 

3. HEMATOLOGIC EFFECTS 

4. MORTALITY 

5. GROWTH AND DEVELOPMENT 

6. HEPATOMAS 

7. TUMORS 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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LOWEST DOSES REPORTED IN 1988 SOT 
ABSTRACTS 


COMPOUND_POSH TO ANTMALS IN EACH REPORT_I 


BENZENE 

2 mg/kg, 25 mg/kg, 200 mg/kg, 566 mg/kg 

1 ml/kg, 50-600 ppm, 100-300 ppm 

CHLOROFORM 

100 mg/kg, 750 mg/kg 

TKICHLORETHYLENE 

6 mg/kg, 250 mg/kg, 450 mg/kg, 600 mg/kg 

CARBONTETRACHLORIDE 

50 mg/kg, 100 mg/kg, 100 mg/kg 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CONCENTRATIONS AT HAZARDOUS WASTE 
SITES 


C OMPOUND _ CONC. IN AIR _ DOSE 

BENZENE 5703 ug/m3 3000 ug/kg 

CHLOROFORM 2 66 ug/m 3 150 ug/kg 

TRICHLORETHYLENE 500ug/m3 250 ug/kg 

CARBONTETRACHLORIDE 20ug/m3 10 ug/kg 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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CONCENTRATIONS OF REGULATED COMPOUNDS 

IN WATER 

MAXIMUM ESTIMATED 


COMPOUND _CONCENTRATION_DOSE 


BENZENE 

10 UG/L 

1 UG/KG 

i 

CHLOROFORM 

366 UG/L 

36 UG/KG 

TRICHLOROETHYLENE 

0.5 UG/L 

0.05 UG/KG 

CARBON TETRACHLORIDE 

5 UG/L 

0.5 UG/KG 

CHLORDANE 

0.1 UG/L 

0.01 UG/KG 

ALACHLOR 

2.9 UG/L 

0.3 UG/KG 


Adapted from EPA's Drinking Water and Health 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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I 


MAXIMUM CONCENTRATIONS OF CHEMICALS 
REPORTED TO CONNECTICUT DEPARTMENT OF 
HEALTH SERVICES 1988 AND 1987 


COMPOUND 

CONCENTRATION 

N 

DOSE 

BENZENE 

500 

560 

070 

14 

250-500 m/m 

TCE 

12 

20 

125 

9 

6-60 UG/KG 

TOLUENE 

350 

400 

460 

6 

175-230 UG/KG 

CCL4 

3 

4 

2 

2UG/EG 

MTBE 

| i 

170 

210 

3200 

6 

65-1600 m/m 

EDO 

2 

6.2 

12 

6 

1-6 UG/EG 


Three highest readings. 


Source: https://www.industrydocuments.ucsf u/docs/ntblOOOO 
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QUESTION 1 


No I 

The law of mass action suggests that extrapolation of a mechanistic 
interaction is limited to one or two orders of magnitude. 


Question 2 No ! 

Reports from the public who experience these exposures reveal that there 
are complaints and that the complaints are relatively similar from episode to 
episode. It is unlikely that these are not exposure related in some part. 


Question 3 Yes ! 


If one looks in the literature for compounds which are active at the ug/kg 
levels a large number are found, 
eg. TCDD 

Botulism toxin 
lead 

Cobra venom 
tetanus toxin 
Ricin 

A variety of immune responses 


Question 4 yes! 

Some procedure that seem to be showing great promise are the following. 

Pharmacokinetic analysis 
Invitro studies 

Studies that monitor the condition of the receptor response 
Studies that evaluate the immune system 

Studies that look a mechanisms for enhancing distribution of active moiety 
such as glutathione conjugation and break down 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Percents'above Designated Levels 



Terranes 

n := total number of valid lasts within ths tsrrana 


CET9fcSSZ0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
















































SUMMARY OF RADON TEST RESULTS OF THE HOUSEHOLD TESTING PROGRAM (*) 


Page if 2 


Second Phase Cities and Towns (**) 

(Testing Conducted February - April, 1988) 

juiy i^oo 


Lowest Livable Area Lowest Lived-in Area 

Town (i.e., basement) (i.e., first floor) 





(pCi/1) 

11 of 

Hornes 



(pCi/1) 


T of 

Homes 





Geometric 


> 20 



Geometric 

> 4 

> 20 


//Tests 

Min. 

Max. 

Mean*** 

pCi/l 

pCi/1 

//Tests 

Min. 

Max. 

Mean*** 

pCi/1 

pCi/1 

Andover 

83 

0.2 

19.0 

1.7 

20% 

0% 

89 

0.0 

15.0 

1.1 

1.1% 

0% 

Branford 

96 

0.0 

85.0 

2.3 

39% 

12% 

97 

0.0 

32.0 

1.1 

17% 

5% 

Bridgeport 

78 

0.1 

26.0 

2.2 

27% 

i% 

79 

0.0 

11.0 

0.9 

4% 

0% 

BurlLngton 

83 

0.7 

21.0 

1.9 

11% 

i% 

91 

0.0 

14.0 

1.3 

6% 

0% 

Chaplin 

86 

0.2 

12.0 

1.8 

16% 

0% 

85 

0.1 

8.2 

1.3 

8% 

0% 

Easton 

92 

0.2 

12.0 

2.5 

24% 

0% 

96 

0.0 

9.1 

1.5 

8% 

0% 

Groton 

96 

0.0 

18.0 

1.8 

13% 

0% 

99 

0.0 

8.0 

0.9 

6% 

0% 

Guilford 

93 

0.3 

483.0 

2.4 

27% 

5% 

93 

0.2 

112.0 

1.7 

18% 

1% 

Haddam 

96 

0.2 

47.0 

3.2 

33% 

i% 

98 

0.5 

43.0 

2.2 

22% 

1% 

Kent 

62 

0.2 

17.0 

2.4 

29% 

0% 

62 

0.1 

9.6 

1.1 

13% 

0% 

Mi. dd Letown 

92 

0.2 

21.0 

1.1 

11% 

1Z 

91 

0.1 

21.0 

0.6 

6% 

1% 

Monroe 

91 

0.2 

21.0 

1.4 

9% 

1% 

91 

0.2 

7.3 

0.8 

3% 

0% 

New Hartford 

04 

0.2 

11.0 

1.3 

11% 

0% 

85 

0.2 

21.0 

1.1 

8% 

1% 

N. Stonlngton 

97 

0.1 

45.0 

1.8 

27% 

2% 

98 

0.0 

39.0 

1.2 

12% 

1% 

Preston 

95 

0.0 

12.0 

1.4 

12% 

OX 

96 

0.0 

7.6 

0.7 

3% 

0% 

Ridgefield 

87 

0.3 

19.0 

1.6 

9% 

0% 

89 

0.1 

,11.0 

0.9 

5% 

0% 

Scotland 

19 

0.3 

19.0 

2.1 

42% 

0% 

20 

0.2 

9.8 

1.0 

5% 

0% 

Stonington 

98 

0.2 

29.0 

1.7 

14% 

2% 

98 

0.1 

16.0 

1.1 

9% 

0% 

Voluntown 

78 

0.2 

72.0 

2.4 

29% 

4% 

79 

0.0 

32.0 

1.9 

20% 

4% 

Waterford 

98 • 

0.0 

8.4 

1.4 

5% 

0% 

99 

0.1 

6.6 

1.0 

6% 

0% 

Watertown 

84 

0.3 

10.0 

1.8 

11% 

0% 

88 

0.3 

4.6 > 

1.2 

3% 

0% 

Windham 

99 

0.2 

14.0 

1.9 

17% 

0% 

73 

0.3 

26.0 

1.4 

8% 

1% 

Woodbridge 

97 

0.4 

32.0 

2.8 

35% 

2% 

98 

0.3 

32.0 

1.7 

11% 

1% 

Woodbury 

94 

0.3 

33.0 

2.5 

31% 

4% 

94 

0.2 

25.0 

1.7 

20% 

2% 

Overall 

2066 

0.0 

483.0 

1.9 

20% 

2% 

2096 

0.0 

112.0 

1.2 

10% 

1% 


* 40-hour samples using charcoal devices. 

** Sampling emphasized higher radon potential areas 

* * Bec.ause radon data are log-normally distributed, 

the geometric mean. 


thus overall state radon level is expected to be lower, 
the appropriate descriptive statistic for the average Is 


t'CT9PSSZ0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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S T ATE O F C O N N E OT I C U T 

DEPA RTMENT OF HEALTH SERVICES 
PREVENTABLE DISEASES DIVISION 


SUMMARY OF RADON TEST RESULTS ur THE HOUSEHOLD teStxNu fkOGkAM (*) 


Overall Results for First & Second Phase Municipalities (**)■■ 

July 1988 


Lowest Livable Area Lowest Lived-in Area 

(i.e., basement) (i.e., first floor) 






ft of Homes 


(pCi/l) 

# of 

Homes 


//Tests 

Min. 

Geometric 
Max* Mean*** 

>4 

pCi/1 

>20 

pCi/1 

//Tests Min* 

Geometric 
Max* Mean*** 

>4 

£Ci/l 

> 20 
pCi/1 

TOTAL 

3378 

0.0 

483.0 2.1 

21% 

2% 

3409 0.0 

112.0 1.3 

10% 

0.6% 


First Phase Towns (**) 

(Testing Conducted December, 1987 - February, 1988) 
Updated Results - June 1988 


Lowest Livable Area Lowest Lived-In Area 

Town (i.e., basement) (i.e., first floor) 





(pCi/1) 


// of 

Homes 



(pCi/1) 


// of 

Homes 




Geometric 

> 4 

> 20 



Geometric 

> 4 

> 20 


//Tests 

Min. 

Max. 

Mean*** pCi/1 

pCi/1 

//Tests 

Min. 

Max* 

Mean*** 

pCi/1 

pCi/1 

Ansonia 

93 

0.5 

58.0 

3.9 

43% 

9% 

95 

0.3 

19.5 

1.7 

14% 

0% 

Bethlehem 

89 

0.3 

22.7 

2.2 

26% 

1% 

89 

0.3 

9.0 

1.6 

10% 

0% 

East Hampton 

91 

0.4 

19.1 

2.5 

23% 

0% 

91 

0.3 

13.6 

1.6 

6% 

0% 

Glastonbury 

103 ■ 

0.5 

37.0 

2.1 

23% 

4% 

103 

0.0 

17.3 

1.1 

11% 

0% 

Goshen 

91 

0.1 

75.0 

2.1 

22% 

2% 

91 

0.2 

25.5 

.1.5 

11% 

1% 

Madison 

99 

0.3 

36.3 

3.2 

37% 

5% 

99 

0.2 

34.7 

1.5 

14% 

1% 

Mansfield 

93 

0.6 

10.0 

2.2 

10% 

0% 

94 

0.5 

4.9 

1.6 

3% 

0% 

Montville 

99 

0.7 

25.3 

2.4 

15% 

1% 

98 

0.7. 

10.4 

1.9 

10% 

0% 

Pomfret 

81 

0.8 

13.8 

2.2 

6% 

0% 

81 

0.7 

7.3 

1.7 

3% 

0% 

Portland 

97 

0.4 

30.4 

1.7 

13% 

2% 

97 

0.4 

12.7 

1.2 

3% 

0% 

Torrington 

93 

0.8 

37.8 

2.2 

18% 

1% 

93 

0.5 

10.7 

1.4 

10% 

0% 

Trumbull 

88 

0.8 

15.2 

2.5 

16% 

0% 

88 

0.5 

12.8 

1.5 

6% 

0% 

Weston 

96 

0.9 

98.4 

3.3 

35% 

4% 

97 

0.8 

35.2 

2.3 

19% 

1% 

Wes tpor 

97 

0.6 

49.0 

3.1 

30% 

3% 

96 

0.6 

36.5 

2.0 

16% 

2% 

Overall 

1312 

O 

♦ 

98.4 

2.5 

23% 

2% 

1313 

0.0 

36.5 

1.6 

10% 

0 • 4 a> 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 







Pereont 


100 



200 


500 

Ptcocudoi 
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Source: https://www.i 


Explanation 

E3 Short* < 147 ) 

E3 flrofo M. A. ( 36 ) 
BNoworfc (16) 


C2aio(MlM (76) 
ES3 Avalonian (19) 











CONNECTICUT BEDROCK WELL WATER RADON 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 




LOW ALPHA, LOW BIM 
50 
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Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 















Discussion Session- 
Risk Analysis for Specific Contaminants 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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ALAR (Daminozide) 


Graham 


Source: https://wwwJndustrydocuments.ucsf.edu/docs/ntblOOOO 
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INTRODUCTION TO DISCUSSION SESSIONS 


I. ALAR (Daminozide) 

ALAR is a hydrazine compound that has been used as a 
plant growth regulator since 1962. The EPA established in 
1976 residue tolerances of 1 to 55 ppm on a variety of 
fruit. In 1987, EPA reaffirmed a limit of 20 ppm for 
apples. 


This compound was selected for discussion because: 


1. It is typical of cases that appear to have 
confronted regulators without warning. 

2. Data on its health effects are sparse and only 
exist for exposures to animals. 

3. The public (stimulated by the Natural Resources 
Defense Council) demanded prompt action. 


4. Other hydrazine compounds have been found to be 
carcinogenic. 


In its challenge, the NRDC claimed that chemical 
residues of ALAR, especially on apples, were causing 
elevated risks of cancer among children. To emphasize their 
point., NRDC held news conferences in a dozen cities and 
warncsd that over 5,000 children might die from preschool 
exposures to ALAR. Ed Bradley (on "60 Minutes") stated that 
ALAR was "the most potent cancer-causing agent in our food 
supply." 

As a result, apples disappeared from many grocery 
shelves and cafeteria lines. Meryl Streep appeared on 
"Donahue" and the "Today" Show announcing formation of 
"Mothers and Others for Pesticide Limits." Because of 
these actions, the apple industry suffered an estimated $100 
million loss; some growers were actually forced out of 
business. Other impacts included the introduction of a bill 
in the Senate to ban the use of ALAR. And the media praised 
NRDC for its humanitarian efforts. 

On the basis of subsequent thorough reviews of the 
1iterature and scientific data, these charges were largely 
refuted. In fact, the National Academy of Sciences (NAS) 
publication, Issues in Science and Technology , stated that 


- 1 - 

Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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ALAR poses no health threat. The NAS report, which was 
based on an examination of 6,000 studies, found "no evidence 
that pesticides or natural toxins in food contribute 
significantly to cancer risk in the United States." 

To provide background for a review of this case, you 
have been provided with selected reports and publications on 
ALAR. These include a copy of the NRDC report. Questions 
that you may want to consider in evaluating this issue 
include: 


1. Statistical analyses of the data seem to show an 
excess of tumors in animals exposed to ALAR. (See 
paper by Gold, et al.). In light of this, why did EPA 
reviewers not agree? 

2. Is it fair to use data at the 80 ppm level as 
evidence for the carcinogenicity of UDMH, a metabolite 
of ALAR? 

3. If ALAR and UDMH are assumed to be carcinogenic, 
what are their potencies? 

Dr. John Graham will be discussing these and related 
issues on Friday morning at 9:45. 


II. Dioxin 


Dioxin is a byproduct of the manufacture of 
herbicides. It was first detected in the late 1950s when it 
was observed as a contaminant that forms during the 
commercial synthesis of 2,4,5-trichlorophenoxyacetic acid, a 
compound used as a weed killer and in Agent Orange. 

Animal studies have shown that this ubiquitous 
pollutant is extremely lethal; in fact, it is the most 
potent carcinogen ever tested. But human effects have been 
notoriously difficult to confirm — as exemplified by the 
decades old controversy over the effects of Agent Orange. 

This is an interesting issue to review for several 
reasons: 

1. The highly controversial nature of the effects of 
this compound. 

2. The accusations that industrial groups withheld 
information that was important to evaluations of its 
health effects. 

3. The success.of bringing disparate groups together 
to discuss and reach a consensus on the related health 
effects issues. 
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4. The far-reaching implications of the consensus 
reached in this particular case. 


In the absence of definitive human data, the EPA 
assumed that there is no safe level for dioxin, that is, 
that the dose - effect relationship was linear. Following 
this approach, EPA set an acceptable intake level of 0.006 
picograms per kilogram of body weight per day. Following a 
non-linear approach, Canada and several of the European 
countries set limits that were 170 to 1700 times higher than 
that recommended by EPA. 

At a meeting at the Banbury Center at the Cold Spring 
Harbor Laboratory, 38 researchers and regulators from the U. 
S. and Europe recently reached agreement on the health 
effects of dioxin. Specifically, they agreed that, before 
dioxin can cause its myriad toxic effects, be they cancer or 
birth defects, it must first bind to and activate a 
receptor. 


The 

importance 

of this 

agreement is that, if receptor 

bindiner is 

an essential first 

step 

before an.v toxic effects 

can occur. 

then that 

imolies 

that 

there is a "safe" dose or 

prao1ical 

"threshold" 

below which 

no toxic effects occur. 


This also indicates that the linear non-threshold model does 
not apply. An additional implication of the acceptance of 
this approach is that there could be significant changes in 
current assessments of the risks of many other chemical 
compounds in common use today. 

You have been provided with several background papers 
on this subject. Dr. Linda Birnbaum will be here on Friday 
morning at 11:15 to discuss this issue in greater detail. 
Questions that you may want to consider in discussing this 
topic include: 

1. How valid is the assumption that the necessity for 
receptor binding assures that a chemical compound has 
a threshold for toxic effects? 

2. If there is a threshold for dioxin, what is it? 

Are there sufficient data available to determine 
whether dioxin intake of the U.S. population is below 
this threshold? 

3o How many other toxic compounds must first bind to 
an activate a receptor? That is, how far reaching are 
the implications of the findings with respect to 
dioxin? 
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III. Lead 

Lead is of concern both in the occupational and 
ambient environment. Major sources of intake for the 
general public include the ingestion of lead from drinking 
water that has either flowed through lead pipe or pipe in 
which lead was used as a solder; eating from lead glazed 
dishes; consuming vegetables grown in lead contaminated 
soil; and eating food that has been contaminated by lead 
that has leached from crystal and plastic food bags. A 
major source of lead among children is through the 
consumption of lead-based paint in houses. Although it has 
been .illegal for more than 50 years to use lead paint in 
houses, it is estimated that over 40 million homes in the 
U.S. still contain hazardous quantities of leaded paint. 

A second major source of lead intake by the general 
public is through inhalation of lead oxide from automobile 
exhausts and from suspended soil dust. Of the lead in 
gasoline, approximately 75% is released with the exhaust 
gases. Of this, about 35% is emitted as^ a submicrometer¬ 
sized aerosol; about 40% is emitted as >10 micrometer sized 
particles. In 1970, about 190,000 metric tons of lead were 
released into the atmosphere in the U.S. through the 
combustion of gasoline. Through prohibition of the use of 
lead in gasoline, this had been reduced to about 100,000 
metric tons in 1979. Today, releases from this source 
amount to less than 5,000 metric tons (Figure 1). 

Lead is considered to be an interesting issue to 
review for several reasons: 

1. There is a multitude of sources through which the 
population can be exposed. As a result, assessment 
of exposures is difficult; measurements of doses . 
whenever practical, is clearly a superior method for 
estimating potential health effects. 

2. Lead appears to have a range of health effects; 
these include neurobehavioral effects in children and 
blood pressure effects in adults. No single mechanism 
appears sufficient to account for these effects. 

3. Conventional animal toxicological studies of lead 
appear to provide little information about serious 
human chronic health issues. 


You have been provided with a selection of background 
reports on this topic. Dr. Howard Hu will be here Friday 
afternoon at 1:15 to discuss this subject in detail. 
Questions that you may want to consider include: 


-4- 

Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 


2025546144 



Emissions 

(103 Metric Tons Per Year) 


1. Are there good methods for estimating doses 
occurring as a result of exposures to lead? In this 
regard, how useful are measurements of lead levels in 
blood or in urine? 

2. Since each health effect thought to result from 
exposures to lead may have a different causitive 
mechanism, might there be a different relation between 
dose and effect for each? What is the likelihood that 
any of the observed health effects from lead will show 
a linear non-threshold relationship to dose? 

3. Whereas lead acetate has been shown to be 
carcinogenic in animals, this is not the chemical form 
to which humans are commonly exposed. The 
carcinogenicity of organic compounds is dependent on 
the specific chemical compound. Should the same be 
assumed for lead? 

4. Two of the health effects of lead are thought to 
be a reduction in IQ and an increase in blood 
pressure. In this regard, what are the public health 
implications of a 4 point reduction in IQ or a 3 point 
increase in blood pressure? 
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Airborne Emissions of Lead in the United States — 1979 - 1988 


N> 

O 

K 

to 

§ 

m 


-5- 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 








Risk Assessment in Environmental and 
Occupational Health 

School of Public Health 
Harvard University 


Risk of ALAR (daminozide) 

Prepared by Susan Moses and Richard Wilson 


DATA: 

Chemical name DAMINOZIDE (CAS 1596-84-5) 

IT is a hydrazine compound that has been used as a plant growth regulator 
since 1962. 

The Environmental Protection Agency (EPA) in 1976 established residue 
tolerances of 1-55 ppm on variety of fruits that include cherries, plums, apples, 
nectarines, peaches, pears, grapes, melons, tomatoes, brussel sprouts, peppers 
and peanuts. Residues of 0.02 - 2ppm are allowed in meat or milk. In 1987 they 
reaffirmed a limit of 20 ppm on apples. 

we selected this as a case study for a number of reasons. 

1) It is typical of cases which hit regulators and others out of the blue. 

2) Data is sparse and only exists for exposures to animals in rodent 

bioassays. 

3) Immediate action was demanded by a segment of the public. 

4) Other hydrazine compounds have been shown to be carcinogenic. 

The principal use of ALAR on apples is often regarded as a "non-essential” 
use, although such phrases depend very much on the individual. Its purpose is 
to make the apple redder and more attractive: It is also used to control the 
shelf life of the apple and the market quality at harvest. 

ANIMAL BIOASSAY ON DAMINOZIDE: 

Daminozide has been treated in a whole life bioassay by the NCI/NTP 
(National Toxicology Program). It is covered in Technical Report #83 published 
in 1977. , 

* 

The reviewers for these data concluded that "under the conditions of these 
bioassay,, daminozide was not carcinogenic in the Fischer 344 rats or in the 
female B6C3F1 mice. In male E6C3F1 mice, the induction of hepatocellar carcinomas 
may have been associated with the administration of the test chemical. Daminozide 
was carcinogenic in female Fischer 344 rats, inducing adenocarcinoma of the 
endomentrium of the uterus and leiomyosarcomas of the uterus". However, the EPA 
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decided, on recommendation of their Science Advisory Board, that this was 
insufficient evidence of carcinogenicity. 

Attached (attachment 1) are computer generated plots and significance data 
from the NCI/NTP data using a program called HSTAGE written by Dr. Crouch. 

1. interstitial liver tumors in testis of male rat. 

2. lung tumors in female rats. 

3. liver tumors in male mice. 

4. tumors of uterus in female rats. 

So lung tumors of male mice. 

Gold et al in their Carcinogenic Bioassay Data Base (et al includes Bruce 
Ames) have calculated for Daminozide (Environmental Health Perspectives page 
86, 1984). 

a M TD50 , ° of 2.15 gms/kg liver tumors ins male mice 

1.24 gms/kg total tumors in male mice 
0.88 gms/kg tumors in male mice 
4.89 gms/kg lung tumors in female rats 

This is the dose at which 1/2 the animals could get cancer. 

THE ME'.UkBOLITE UDMH: 

In addition we note that there is a metabolite of Daminozide called UDMH. 

This is produced by Daminozide in the body of the rodents and probably also in 
people, and may be the active toxic agent, or cancer causing agent (if it causes 
cancer), Moreover, UDMH is also present, to a few percent, in the apples. (This 
is the only pesticide where an active metabolite is found in large quantity with 
the pesticide). 

There is no NCI/NTP study on UDMH, but there is a recently concluded study 
by International Research and Development Co. The results (pp 47 and 48) are 
attached. There is an increase in lung adenomas at the high dose group as noted 
on p. 9 of "Summary of Toxicological data on Daminozide and UDMH". 

DOSE: 

To estimate to people, we need to know exposure . 

What was the concentration in apples? 

How many apples do people eat? 

NRC and EPA in the attached documents make different assumptions. 

- A 
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QUESTIONS 


During the next two days the participants should ask the following 
questions: 

1) A simple application of statistical analysis to the data seems to show 
a statistically significant excess of tumors in animals exposed to 
DAMINOZIDE. This, can be seen in the data as plotted. Gold et al, using a 
different statistical technique agree. 

Why did the EPA reviewers of the NCI document #83 not seem to agree? 

Wliat do you think? 

2) Is it fair to use the data at the 80ppm dose as evidence for 
carcinogenicity of UDMH? 

3) IE Daminozide and UDMH are assumed to be carcinogenic, what are their 
potencies ? 

4) Which are the reasonable dose scenarios NRDC or EPA or neither? 

5) What is the calculated risk on these assump.tio.ns- ? 

At the end of the course, Dr. Graham will discuss some management questions 
with you (refer to attached case). 
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Attachments 


1. Graphs of data from NCI/NTP 83 "DAMINOZIDE" 

2. pp. 47 & 48 from IRDC study on UDMH 

3. "Intolerable Risk: Pesticides in our childrens food: NRDC Feb. 27, 

1989. 

4. "Daminozide: a special review" EPA, May 1989. 

5. Summary of Toxicology data on Daminozide and UDMH (Uniroyal). 

6. Letter to Science by Bruce Ames and Lois Gold. 
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Intolerable Risk: 

Pesticides in our Children’s Food 


A Report by the 

Natural Resources Defense Council 
February 27, 1989 
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Executive Summary 


Our nation's children are being harmed 
by the very fruits and vegetables we tell 
them will make them grow up healthy and 
strong. ITtese staples of children's diets 
routinely, and lawfully, contain dangerous 
amounts of pesticides, which pose an in¬ 
creased risk, of cancer, neurobehavioral 
damage, and other health problems. Al¬ 
though solutions are at hand, little is being 
done by the government to protect children 
from the intolerable risk to their health 
posed by pesticide residues in food. 

In 1986, the Natural Resources Defense 
Council (NRDC) began a major study to 
determine whether levels of pesticide 
residues currently found in fruits and 
vegetables pose a health hazard to pre¬ 
schoolers. The potential effects of pesticide 
residues; on children were examined for 
several reasons. First, the typical child con¬ 
sumes fruits and vegetables at a significant¬ 
ly greater rate than adults. With this 
increased intake comes greater relative ex¬ 
posure to pesticides present in food. Second, 
children may be more vulnerable to the ef¬ 
fects of trade chemicals, including pesticides. 
Experimental studies have found that the 
young are frequently more susceptible than 
adults to carcinogens and neurotoxins. 
Finally, although the Environmental Protec¬ 
tion Agency (EPA) acknowledged in 1987 
that children are invariably exposed to the 
highest levels of pesticides in food, neither 
the preschooler's dietary exposure to pes¬ 
ticides nor the resultant health risk has been 


previously quantified in a comprehensive 
manner NRDC's report, therefore, repre¬ 
sents the first detailed analysis of children's 
exposure to pesticides in food and a deter¬ 
mination of the potential hazard that these 
residues pose to children. 

Methodology 

NRDC estimated the health risk to pre¬ 
schoolers during their first six years of life 
(0-5 years) by determining consumption 
rates for food items most frequently eaten by 
children. Data on the quantities of 23 pes¬ 
ticides known to have adverse health effects 
and commonly detected in these foods were 
obtained from federal government 
regulatory programs. Preschoolers' ex¬ 
posure to these 23 pesticides was determined 
by combining children's consumption rates 
for the food types with actual pesticide 
residue levels found in these foods. Pesticide 
exposure estimates were then assessed to 
determine preschoolers' risk of developing 
cancer or experiencing a disruption in 
central nervous system function. These 
toxicological endpoints were selected be¬ 
cause 20 of the 23 pesticides evaluated in this 
report are either n euro toxic or carcinogenic. 
Furthermore, risk assessment procedures for 
these health effects are fairly well estab¬ 
lished. Figure S-l provides a schematic rep¬ 
resentation of the methodology 
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Figure S-l. Methodology of NRDC Study to Estimate Preschoolers'Health Risk From 
Pesticides in Foods 



To develop an adequate database of pre¬ 
schooler exposure to pesticides, NRDC used 
consumption data from a nationwide food 
consumption survey conducted in 1985 by 
the U.S. Department of Agriculture (USDA) 
of children and adult women, and data on 
residue levels of 23 pesticides (and important 
metabolites) actually measured in types of 
fruits and vegetables. The data on pesticide 
residues in produce were derived from 
analyses of over 12,000 food samples con¬ 
ducted under regulatory programs of the 
Food and Drag Administration (FDA) and 
theEPA. 
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Principal Findings 

Preschoolers are being exposed to haz¬ 
ardous levels of pesticides in fruits and 
vegetables. Between 5,500 and 6,200 (a risk 
range of 25 x 1 (T 4 to 2.8 x 10" 4 ) of the current 
population of American preschoolers may 
eventually get cancer solely as a result of 
their exposure before six years of age to eight 
pesticides or metabolites commonly found 
in fruits and vegetables. 1 These estimates are 
based on scientifically conservative risk as¬ 
sessment procedures. They indicate that 
more titan 50% of a person's lifetime cancer 
risk from exposure to carcinogenic pesticides 
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used on fruit is typically incurred in the first 
six years of life. 

The potent carcinogen, unsymmetrical 
dimethylhydrazine (UDMH), a breakdown 
product of the pesticide daminozide, is the 
greatest source of the cancer risk identified 
by NRDC. The average preschooler's 
UDMH’ exposure during the first six years of 
life alone is estimated to result in a cancer 
risk of approximately one case for every 
4,200 preschoolers exposed. This risk is 240 
times (greater than die cancer risk considered 
acceptable by EPA following a full lifetime 
of exposure A For children who are heavy 
consumers of the foods that may contain 
UDMH residues, NRDC predicts one addi¬ 
tional cancer case for approximately every 
1,100 children, a risk 910 times greater than 
EPA's acceptable level. 

The carcinogenic risk estimates for 
daminozide are based on results of a 1986 
market basket survey that EPA required the 
manufacturers of daminozide to conduct 
Although daminozide use may have 
decreased since 1986, there is no reliable in- 
formadon on whether—or to what degree- 
use has decreased. EPA has recently stated 
that approximately 5% of apples are treated 
with daminozide. However, this figure was 
derived from informal conversations with 
growers, who may have a strong self-inter¬ 
est in portraying their products as 
daminoride-free. In contrast to EPA's figure, 
one Uinixoyal manager privately stated that 
10-11% of the nation's apple acreage was 
treated with daminozide in 1988. Further an 
independent laboratory found in 1988 that 
30% of apples tested from one large super¬ 
market chain Contained daminozide. More 
recently, a survey indicated that 23% of 
Vermont's apple acreage was treated with 
damino;ride. These data were not considered 
when EPA developed its use estimate and 
raise serious questions about the accuracy of 
the Agency's figure. In the absence of 
government testing to verify grower claims 


about daminozide use, the manufacturer's 
1986 market basket survey remains the only 
accurate indicator of actual residues in food. 

Preschoolers also receive unacceptable 
exposure to the carcinogenic fungicides cap- 
tan, chlorothalonil, folpet, and 
ethylenethiourea (ETU), the metabolite of 
the fungicide mancozeb. NRDC estimates 
that average exposure to these pesticides 
from consumption of fruits and vegetables 
from birth through age five may present a 
lifetime risk of one cancer case for every 
33,000 to 160,000 children exposed. That 
means that out of the current preschool 
population, between 140 to 670 children may 
develop cancer sometime during their 
lifetime as a result of exposure to these fun¬ 
gicides. These risk estimates are ap¬ 
proximately two to seven times what EPA 
considers acceptable following a full lifetime 
of exposure. These estimates are unchanged 
by EPA's recent decision to cancel certain 
food uses of captan since none of the food 
uses contributing to preschoolers' risk in our 
calculation were cancelled by EPA. 

Of equal concern is NRDC's estimate 
that atleast 17% of the preschool population, 
or three million children, receive exposure to 
neurotoxic organophosphate insecticides 
just from raw fruits and vegetables that are 
above levels the federal government con¬ 
siders safe. High level exposure to these in¬ 
secticides can cause nausea, convulsions, 
coma and even death. Dietary exposure 
received by preschoolers may induce be¬ 
havioral impairments and alter neurological 
function. 

NRDC's analysis of exposure, based on 
studies of food consumption by children and 
women, determined that, relative to their 
weight, preschoolers receive much greater 
exposure than adults to the majority of the 
pesticides analyzed in this report. The 
average preschooler receives more than five 
times greater exposure to the fungicide man¬ 
cozeb, nine times greater exposure to the 
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neurotoxic organophosphate azinphos- 
methyl and 12 times greater exposure to 
UDMH, the carcinogenic metabolite of 
damino:ride, than adults. The typical pre¬ 
schooler receives four times greater ex¬ 
posure, on average, than adults to the eight 
carcinogenic pesticides evaluated. The 
youngest children receive the greatest pes¬ 
ticide ©sposure. Relative to adult women, 
toddlers receive more titan eight times the 
exposure to mancozeb, 15 times greater ex¬ 
posure to azinphos-methyl and 18 times 
greater exposure to UDMH. 

Preschoolers have greater exposure to 
pesticide residues than adults because they 
eat more food, relative to their weight, and 
consume much larger quantities of fruit, 
which have a high likelihood of being con¬ 
taminated with pesticides. Fruit comprises 
20% of the adult diet and 34% of the pre¬ 
schoolers diet Preschoolers eat six times as 
much total fruit, seven times more grape 
products and seven times more apples and 
apple sauce, relative to their weight, than 
adults. Apple juice is a particular favorite of 
children The typical preschool child con¬ 
sumes almost 18 times as much apple juice 
and tixe: typical toddler more than 31 times as 
much apple juice, relative to his/her weight, 
than the average adult woman. 

Eruiit is highly likely to contain pesticide 
residues. The 1987 FDA's food monitoring 
program found that 50% of all fruit samples 
had detertable levels of pesticides. This con¬ 
tamination rate is higher than that of any 
other commodity and may significantly un¬ 
derestimate the full ©ctent of contamination. 
Routine FDA monitoring methods cannot 
detect approximately 60% of the pesticides 
likely to leave residues on food, including 
many cajicinogenic fungicides used widely 
on fruit. 


Report Findings May 
Underestimate Preschooler 
Risk 

The NRDC study may significantly un¬ 
derestimate the full extent of preschooler ex¬ 
posure and the subsequent health risk from 
pesticides in food for several reasons. First, 
this study assesses cancer risk that results 
from exposure only from birth through age 
five to pesticides in food. The total lifetime 
cancer risk will be greater since estimates do 
not include risk incurred from age six to 70+ 
years. Further; this study assesses tire health 
risk from only 23 pesticides out of the 300 
that can be legally used on food. Of the 66 
pesticides EPA believes to be potentially car¬ 
cinogenic and allows to be used on food, 
only eight were evaluated by NRDC. 
Routinely used FDA monitoring methods— 
from which much of the residue data used in 
the NRDC analysis were obtained-^-can 
detect only approximately 40% of the pes¬ 
ticides likely to leave residues on foods. Of 
all food use pesticides classified by the 
federal government as posing a moderate to 
high health hazard approximately 40% can¬ 
not be detected by FDA monitoring techni¬ 
ques. 

NRDC lias only assessed exposure from 
fruits and vegetables out of the many com¬ 
modities that are consumed daily by pre¬ 
schoolers and that may contain pesticide 
residues. Milk products are perhaps the most 
conspicuous of the foods absent from the ex¬ 
posure estimates. The average preschooler 
has a milk intake that is almost five times 
higher than that of the typical woman. EPA 
estimates that 60% or more of the pre¬ 
schooler's exposure to the carcinogenic fun¬ 
gicide captan, for example, may come from 
residues in milk. EPA's recent cancellation of 
the minor food uses of captan does not ap¬ 
pear to reduce this estimated exposure from 
milk. Pesticides get into animal products, in¬ 
cluding meat and eggs, as well as milk, via 
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pesticide-contaminated feed. Drinking 
water may also be a significant source of pes¬ 
ticide exposure, especially in rural areas. 
EPA has; reported that the normal agricul¬ 
tural use of pesticides has resulted in detec¬ 
table concentrations of 46 pesticides in the 
groundwater of 26 states. 

This report focuses primarily on the risk 
of developing cancer or the probability of 
disruption of normal nervous system func¬ 
tion from dietary exposure to pesticides. 
However many of the pesticides in the study 
cause additional adverse health effects, such 
as damage to the kidney or lives effects on 
the immune system, or changes in reproduc¬ 
tive capacity. Further, the full impact on pre¬ 
schooler health from exposure to pesticides 
in food is unknown since the majority of the 
600 active pesticide ingredients (repre¬ 
senting £>0,000 pestidde products actually in 
use) have not been tested according to 
modem testing requirements, or the test 
data are unacceptable by today's standards. 
The National Academy of Sciences (NAS) 
concluded in 1984, based on an analysis of a 
representative sample of pesticides, that 
data needed to conduct a complete health 
hazard assessment were available for only 
10% of the pesticide products on the market 
Of the 25 pesticides evaluated for NRDC's 
study, 19 (83%) were registered by USDA in 
the 1950s; «md 1960s before any comprehen¬ 
sive testing requirements were in place. EPA 
simply adopted their registrations later 

This study underestimates the risks to 
children for a number of other important 
reasons. Children are likely to be more sus¬ 
ceptible to the effects of nervous-system 
toxins and cancer-causing chemicals titan 
we have assumed in making our estimates. 
However data regarding the degree of en¬ 
hanced sensitivity in preschoolers were not 
available for the specific pesticides 
evaluated in this report; therefore, suscep¬ 
tibility could not be factored into our health 
risk assessment 


The government does not require ade¬ 
quate testing for neurotoxic effects of pes¬ 
ticides. Long-term neurological testing for 
chronic effects of organophosphates and 
other neurotoxic pesticides is not required; 
the current tests assess only if the pesticide 
is capable of causing a specific delayed 
paralytic reaction following acute and sub¬ 
acute exposure. 

Finally, 'inert* ingredients, which act as 
the delivery vehicles for the active in¬ 
gredients, are not regulated, even though 
many are known to cause cancer or other 
health hazards. Moreover, EPA has histori¬ 
cally not required submission of health or 
safety information on 'inerts'. These com¬ 
pounds, labeled 'inert' because they have 
no pest-killing action, have been exempted 
from federal requirements for setting per¬ 
missible residue levels for pesticides in food. 


Children’s Physiological 
Vulnerability to Toxic 
Chemicals 

Preschool children are receiving hazard¬ 
ous exposures to pesticides at the time when 
they are likely to be most susceptible to the 
toxic effects of these compounds. Ex¬ 
perimental tests in laboratory animals have 
found the young to be more vulnerable than 
adults to the toxic effects of many chemicals, 
including a number of pesticides, due to 
their immature physiological systems. 
Studies have found that the young of 
various species retain a greater portion of a 
given dose of certain toxins than adults, be¬ 
cause gastrointestinal absorption is in¬ 
creased and elimination is decreased. 
Further, the young are not capable of 
detoxifying many chemicals because 
detoxification enzymes are not fully func¬ 
tional. Young bodies are not capable of 
segregating toxins from the target organs. 
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Numerous studies have found that there 
is a greater irisk of developing cancer if ex* 
posure to carcinogens begins during infan¬ 
cy rather tlum later in life. One reason that 
the young are more susceptible than adults 
to carcinogens is because cells are dividing 
rapidly during childhood. The cancer 
process is typically started when a car¬ 
cinogen interacts with a cell's DNA, causing 
a mutation,. If cells are dividing rapidly fol¬ 
lowing exposure to a carcinogen capable of 
mutating DNA, there is a greater probability 
tftat the mutation of DNA will be fixed and 
the carcino genic event initiated. In addition, 
die young may be at greater risk of develop¬ 
ing cancer because they have a greater prob¬ 
ability compared to adults of surviving the 
latency period prior to the manifestation of 
cancer 

The young have also been shown to be 
at greater risk from exposure to a number of 
neurotoxins, including neurotoxic pes¬ 
ticides. For instance, young rats are more 
susceptible ti tan adults to the acute effects of 
15 out of 16 organophosphate pesticides 
tested. Inraddition, experimental studies in¬ 
dicate that exposure to organophosphates 
and carbamate pesticides during the period 
of nervous system development surround¬ 
ing birth may alter neurological function 
and may cause subtle and long-lasting 
neurobehavioral impairments. 


Inadequate Government 
Programs 

Current federal regulation of pesticides 
fails to protect the preschooler: GPA has vir¬ 
tually ignored infant and child food con¬ 
sumption patterns when regulating 
pesticides. Current legal limits for pesticides, 
or tolerances, in food are based on data col¬ 
lected over’ iwo decades ago on adult con- 
, sumption levels. The consumption estimates 
that have barn used by EPA in setting almost 
all current legal limits for pesticide residues 


on produce greatly underestimate pre¬ 
schooler intakes for most produce. Pre¬ 
schooler consumption of cranberries is 14 
times greater than EPA's estimates; con¬ 
sumption of grapes is six times greater; ap¬ 
ples and oranges, five times greater; apricots, 
almost four times greater; strawberries, al¬ 
most three times greater; broccoli, two-and- 
a-half times greater; carrots, two times 
greater; and tomatoes, one-and-a-half 
times greater than EPA's estimates. 

Because EPA has neglected preschooler 
consumption rates, the preschooler's maxi¬ 
mum legally permissible exposure to many 
pesticides is hundreds of times higher than 
the level that EPA considers safe. The 
average preschooler exposure at legal limits 
to any one of the carcinogens captan, folpet 
and mancozeb, would present a risk of ap¬ 
proximately one cancer case for every 2,000 
to 3,000 children exposed simply during 
their first six years of life (340-460 times 
greater than EPA's "safe" standard of one 
cancer case per million following a full 
lifetime of exposure). Although EPA recent¬ 
ly cancelled several food uses of captan, 
none of the commodities contributed sig¬ 
nificantly to actual preschooler exposure to 
captan. In other words, EPA has permitted 
the continuation of the captan food uses that 
present preschoolers with the greatest risk. 

Legal exposures to n euro toxic pesticides 
also pose unacceptable risks. Preschooler ex¬ 
posure at the legal limit to demeton, a 
neurotoxic pesticide, would exceed the EPA- 
determined safe level by approximately 400 
fold; exposure to another neurotoxin, disul- 
foton, by approximately 180 fold; and to 
another, diazinon, by approximately 160 
fold. 


Recommendations for 
Reform 

Fundamental reforms in federal regula¬ 
tion are necessary if preschoolers are to be 
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adequately protected from pesticides in 
food. Immediate action is necessary to close 
die loopholes in EPA's and FDA's regulatory 
programs. Further, Congress must act to as¬ 
sist growers in reducing their use of pes¬ 
ticides. 

Congress must establish health-based 
standards for pesticide residue in food and 
require EPA to regulate pesticides so that the 
most exposed and most vulnerable members 
of society—infants and children—are ade¬ 
quately protected. EPA's current practice of 
basing mk assessment on die average diet 
does not provide this protection. Exposure at 
die legal maximum, or the tolerance level, 
should be assumed when EPA conducts risk 
assessments. EPA must ensure that con¬ 
sumption of food with residues at the legal 
maximum is safe for everyone, including 
children. 

Congress must clarify EPA's authority to 
revoke or modify tolerances swiftly when 
dietary exposures to pesticides are found to 
present significant risk. It currently takes 
: years to lower tolerances or remove hazard¬ 
ous pesticides from the market In addition, 
EPA must consider risks from 'inert" in¬ 
gredients when regulating pesticides. Fur¬ 
ther, EPA should prohibit the use of 
dangerous 'inerts' Congress should re¬ 
quire that jpestidde registrants develop prac¬ 
tical analytical methods to detect pestidde 
residues, which can be effectively used by 
the government in enforcing tolerances. 
Finally, neurotoxicity testing should be re¬ 
quired for all pesticides used on food and 
should evaluate both acute and long-term 
adverse eff ects on such processes as learning 
ability, memory, intelligence and behavior 

FDA must improve its methods for 
detecting jsestiddes in food. Accurate and 
detailed pesticide use information for both 
domestic and imported produce must be ob¬ 
tained to facilitate the choice of analytical 
method used in food samples. To do this, 
FDA's monitoring resources must be en¬ 


hanced. Congress should require FDA to ac¬ 
celerate its analysis of food samples and give 
FDA foe authority to detain domestic food 
shipments to insure that food with illegal 
residues can be removed from foe market 
before it is sold or consumed. In foe vast 
majority of cases, FDA currently fails to take 
action to prevent illegal food from reaching 
foe market and being sold. 

Congress must assist growers in reduc¬ 
ing pestidde residues, by providing credit 
assistance, crop insurance and other finan¬ 
cial protection for growers who are chang¬ 
ing from conventional, chemical intensive 
agricultural practices to innovative, low- 
input techniques. Congress should impose a 
tax on pestidde use to fund demonstration 
of farming techniques that will result in 
lower pestidde residues. Congress should 
establish national definitions of "integrated 
pest management* and 'organic' farming 
techniques and develop a national certifica¬ 
tion process for commodities grown using 
these techniques. Congress should modify 
federal farm support programs to reward 
growers for using fewer chemicals and en¬ 
sure that growers are permitted to use crop 
rotation and other pestidde-redudng tech¬ 
niques without jeopardizing their eligibility 
for commodity program benefits. Congress 
should legislatively modify agricultural 
supply-control systems to ensure that they 
do not create demand for cosmetically per¬ 
fect produce which require excessive pes¬ 
tidde use. 


Consumer Action 

There are measures for limiting an 
individual's exposure to pestirides in food. 
However, specific advice is difficult to offer 
because data on this issue are generally 
scarce. The steps include: washing all 
produce, preferably with a diluted solution 
of dishwashing soap; buying domestically 
grown produce, preferably in season; pur- 
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chasing organically grown fruits and 
vegetables; and being wary of perfect look¬ 
ing produce since it may contain higher pes¬ 
ticide residues. Ultimately, the best way to 
minimize the presence of pesticide residues 
in food is by reducing the widespread use of 
these chemicals in agriculture. Consumers 
can aixelerate this transition in agriculture 
through their power in the market place. By 
demanding food without pesticide residues, 
consumers will deliver a dear message to our 
food producers and provide an incentive for 
farmers to decrease their use of pestiddes. 

Report Format 

The NRDC study is arranged as follows: 
Chapter One examines food consumption 
differences between preschool children and 
adult women and quantifies the pre¬ 
schooler's exposure to 23 pestiddes from 
consumption of different fruits and 
vegetables. Chapter Two estimates the 
potential health risk to preschoolers from ex¬ 
posure! to these 23 pestiddes, with emphasis 
on cancer risk and nervous system effects. 
Chapter Three examines the physiological 
immaturities of the young that make them 
more susceptible to file toxic effects ofchemi- 
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cals. Chapter Four describes the flaws in the 
government's regulation, of pestiddes that 
permit preschoolers to be exposed to sig¬ 
nificant health risks. Chapter Five recom¬ 
mends congressional measures necessary to 
reform these regulatory programs and make 
the food supply safe from pestiddes. Chap¬ 
ter Six offers advice on how to reduce an 
individual's exposure to pestidde residues. 
There are three technical appendices. Ap¬ 
pendix One contains a detailed description 
of the methodology used to estimate foe pre¬ 
schooler's exposure to the 23 pestiddes 
analyzed. Appendix Two explains the 
methodology used to conduct foe health risk 
assessments for exposure to organophos- 
phate insectirides. Appendix Three sets 
forth foe methodology used to make foe car¬ 
cinogenic risk assessments. 
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Addendum 

Ten days prior to publication of this 
report, EFA cancelled a number of food uses 
for the pesticide captan. However, the EPA 
action does not change NRDC's estimates of 
the carcinogenic risk captan poses to pre¬ 
schoolers presented on pages 3,37,38,39and 
40 of this report The NRDC estimates are for 
die lifetime cancer risk that results just from 
preschooler ©cposure to dietary residues of 
captan typically found only in the 27 fruits 
and vegetables examined in this report 
NRDC's risk estimates for cancer are un¬ 
changed! by EPA-s action because none of the 
food uses contributing to preschooler risk 
were cancelled by EPA. In fact, EPA has al¬ 
lowed the use of captan to continue on 
strawberries, apples, grapes, and plums — 
all major dietary sources of preschoolers' ex¬ 
posure to die pesticide. 


EPA's action does decrease NRDC's cal¬ 
culation of the preschooler's maximum 
legally allowed exposure to all uses of cap¬ 
tan, and the resulting cancer risk, from 4.6 x 
1CT 4 to 2.8 x 1CT 4 . These are lifetime es¬ 
timates of the risk from maximum legal ex¬ 
posure just during the preschool years and 
were calculated for all foods for which 
tolerances for captan had been granted, as¬ 
suming exposures at the tolerance limit 
They are presented on pages 6,74 and 75. 
EPA's recent action reduces the pre¬ 
schooler 's maximum legal cancer risk for ex¬ 
posures occurring only until age six from 460 
times greater than EPA's "safe" standard of 
one cancer per million people exposed over 
their entire lifetimes, to a risk 280 times 
greater 
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Notes 


1. These estimates are based on consumption statis¬ 
tics of preschoolers in the 1935 USDA survey who 
completed tiirue or more days of the dietary survey 
over the course of a year. These data were used to 
appro xim a te average daily eaiposure over the year. 
However, cancer risk estimates were also made 
based on daily intake for all preschoolers in the sur¬ 
vey and result in an estimated 5700 to 6,400 addi¬ 


tional cancer cases (2.6 x 1£T* to 19 x 1CT 4 ) in the 
preschool population. 

1 Using daily intake for all preschoolers in the sur¬ 
vey (see footnote 1), UDMH still accounts for the 
majority of the cancer risk, which is 250 times the 
level EPA considers acceptable following a full 
lifetime of exposure. 
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Pesticides, Risk, and Applesauce 

The tremendous attention in the media to 
the' growth-rc^lator Alar raises important 
issues about the nation’s efforts to prevent 
human cancer by regulating chemicals that 
are carcinogenic in animal studies. Leslie 
Roberts, in her Research News articles u Pcs- 
ticidcs and kids” (10 Mar., p. 1280) and “Is 
risk assessment conservative:" (24 Mar., p. 
1553), did not address several points that 
we think are important for putting possible 
risks in perspective. 

1) Pesticides, 99.99% all natural. Although 
regulatory edbres are focused on identifying 
and controlling synthetic chemicals that are 
estimated to pose a possible carcinogenic 
risk to society' greater than one in a million 
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(such as Alar), wc are ingesting about 
10,000 rimes more natural than synthetic 
pesticides (1). All plants produce toxins to 
pro tea themselves against fungi, inseas, 
and predators such as man (2, 3). Tens of 
thousands of these natural pesticides have 
been discovered, and every species of plant 
contains its own set of different toxins, 
usually a few dozen. When plants arc 
stressed or damaged, such as during a pest 
attack, they increase their natural pesticide 
levels manyfold, occasionally to levels that 
are acutely toxic to humans (4). Very few of 
these plant toxins have been tested in animal 
cancer bioassays, but among those tested, 
about half (20/42) are carcinogenic {4, 5). 

It is probable that- almost every plant 
product in the supermarket contains natural 
carcinogens. The following foods contain 
natural pesticides that cause cancer in rats or 
mice and arc present at levels ranging from a 
few parts per billion to 4 million parts per 
billion (ppb) (3, 4): anise, apples, bananas, 
basil, broccoli, Brussels sprouts, cabbage, 
cantaloupe, carrots, cauliflower, celery, cin¬ 
namon, cloves, cocoa, comfrev tea, fennel, 
grapefruit juice, honeydew melon, horserad¬ 
ish, kale, mushrooms, mustard, nutmeg, or¬ 
ange juice, parsley, parsnips, peaches, black 
pepper, pineapples, radishes, raspberries, 
tarragon, and turnips. Of the pesticides wc 
cat, 99.99% arc all natural, and, like man¬ 
made pesticides, most arc relatively new to 
the modem diet because of the exchange of 
plant foods among die Americas, Europe, 
Asia, and Africa within the last 1000 years. 
It is reassuring, however, that the many 
layers of general defenses in humans and 
other animals (1,6, 7) protca against toxins, 
without distinguishing whether they arc 
synthetic or natural. 

2) Trade-offs. In response to fears about 
residues of man-made pesticides, plant 
breeders are active in developing varieties 
that are naturally pest-resistant. Such varie¬ 
ties contain increased amounts of natural 
pesticides. It should be no surprise, then, 
that a newly introduced variety of insea- 
rcsistant potato had to be withdrawn from 
die market, due to acute toxicity' to humans 
. caused by much higher levels of the terato¬ 
gens solanine and chaconine than are nor¬ 
mally present in potatoes (8). Similarly, a 
new variety' of insea-resistant celery' recendy 
introduced widely in the United* States is 
causing outbreaks of dermatitis in produce 
workers due to a concentration of the car¬ 
cinogen 8-mcthc>xypsoralen (and related 
psoralens) of 9000 ppb, rather than the 
usual 900 ppb (9). Many more such cases 
arc likely to crop up. Thus, there is a funda¬ 
mental trade-off between nature's pesticides 
and man-made pesticides. The Environmen¬ 
tal Protcaion Agency (EPA) has stria regu- 
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la ton’ requirements for new symtheric pesti¬ 
cides and is steadily weeding out old sub¬ 
stances such as Alar that are thought to pose 
a significant hazard; however, natural pesti¬ 
cides arc almost completely ncglcacd. Natu¬ 
ral pesticides that are possibly hazardous to 
humans could easily be decreased bv plant 
breeding. 

Given the background of human expo¬ 
sures to natural carcinogens (7-7), the find¬ 
ing that about half the chemicals rested in 
rodents (whether synthetic or natural) arc 
carcinogenic (7, 5), and the difficulties in 
risk assessment (discussed below), wc have 
ranked possible hazards on a HERP index 
(daily Human Exposure dose/Eodent Poten¬ 
cy' dose, as a percent) in order to achieve 
some perspeaive on human exposure to the 
plethora of carcinogens (1). Our ranking 
suggests that carcinogenic hazards from cur¬ 
rent levels of pesticide residues or water 
pollution arc likely to be minimal relative to 
the background levels of natural substances. 

To put AJar in perspective, wc estimate 
that the possible hazard from UDMH (the 
carcinogenic breakdown produa of Alar) in 
a daily lifetime glass (6 ounces) of apple 
juice is HERP = 0.0017% (10). This possi¬ 
ble hazard is less than that from the natural 
carcinogenic hydrazines consumed in one 
daily mushroom (HERP = 0.1%) (1) or 
that from aflatoxin in a daily peanut butter 
sandwich (HERP = 0.03%j (7). It is also 
less than other possible hazards from natural 
carcinogens in food, although few have 
been tested. These include 8-mcthoxypsora- 
len in a daily portion (100 grams) of celery 
(3,11), allyl isothiocyanate in a daily portion 
of cabbage or Brussels sprouts (3, 12), and 
alcohol in a daily glass of orange juice (73). 
The possible hazard of UDMH in a daily 
apple is 1/10 that of a daily glass of apple 
juice. Other HERP comparisons arc shown 
in (1). Apple juice has been reported to 
contain 137 natural volatile chemicals (14), 
of which only five have been tested for 
carcinogenicity' (5); three of these—benzyl 
acetate, alcohol, and acetaldchy'dc—have 
been found to be carcinogenic. 

The EPA has proposed cancellation hear¬ 
ings on Alar, and the Natural Resources 
Defense Council (NRDC) is trying to speed 
this process up by a \'car or two. The trade- * 
offs must be considered in efforts to prevent 
hypothetical carcinogenic risks of 10~ 6 or 
lO -5 , because the results could be counter¬ 
productive if the risks of the alternatives arc 
worse. What risks might wc incur by ban¬ 
ning Alar? Alar is a growth regulator that 
delays ripening of apples so that they do not 
drop prematurely, and it also delay's over- 
ripening in storage. Alar play's a role in 
reducing pesticide use for some types of 
apples, particularly in the Northeast (IS). 
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For example, without Alar, the danger of 
fruit fall from leafmincrs is greater, and 
more pesticides arc required to control 
them. Also, when apples fall prematurely, 
pests on the apples remain in the orchard to 
attack the crop die next summer,' and more 
pesticides must be used. Since Alar produces 
firmer apples, ancl results in fewer falling to 
the ground, treated fruit may be less suscep¬ 
tible to molds. Therefore, it is possible that 
the amounts and variety of mold toxins 
present in apple jiuiice, for example, parulin 

(16) , will be higher in juice made from 
untreated apples. The carcinogenicity of pa- 
tulin has not h:en adequately examined 

(17) . The EPA should, as NRDC empha¬ 
sizes, also take into consideration that chil¬ 
dren consume large amounts of apple juice. 
Another trade-off is that fewer domestically 
grown, fresh apples would be available 
throughout the year, and the price would be 
higher; thus, consumers might substitute 
less healthy foods. 

3) Risk assessmaiit. Currently, neither the¬ 
ory nor experiment^ evidence is adequate to 
guide scientists in extrapolating from rodent 
cancer tests at the maximum tolerated dose 
(MTD)' to human exposures that are thou¬ 
sands or millions of times lower. Therefore, 
for prudence’s sake, federal regulatory agen¬ 
cies routinely make worst-case assumptions 
to estimate the upj>cr limit on risk for low 
doses; however, the real risks at low doses 
may well be zero. <Donventional risk assess¬ 
ments at the low levels of human exposure 
thus arc really quite speculative (1) and 
should not be viewed as if they were real 
risks. Accumulating scientific evidence (7 ,6, 
7, 7 8) suggests that chemicals administered 
in animal cancer tests at the MTD arc caus¬ 
ing cancer in quiescent tissues primarily by 
increasing cell proliferation, an essential as¬ 
pect of carcinogenesis for both mutagens 
and nonmutagens. Because endogenous 
rates of DNA damage are enormous (6), cell 
proliferation alone iis likely to be tumorigen- 
ic. Cell proliferation converts DNA adducts 
(either spontaneous or exogenous) to muta¬ 
tions or to cpimutations (such as loss of 5- 
methylC) and exposes single-stranded 
DNA, a much more sensitive target for 
mutagens. It also allows mutant cells to 
escape from grovxh inhibition signals com¬ 
ing from surrounding cells (1, 6, 7). 

If animal cancer tests arc primarily mea¬ 
suring cell proliferation, then the dose-re¬ 
sponse curve should fail off sharply with 
dose, even for mutagens [as with dicthvlni- 
trosaminc (7S)] and should have a threshold 
for nonmutagens. '(Thus, the hazards at low 
doses could be minimal. Furthermore, hu¬ 
mans have numerous inducible defense sys¬ 
tems against mutagenic carcinogens, such as 
DNA repair, antioxidant defenses, glutathi- 
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one transferases, and so forth, which may 

make tow doses of mutagens protective in 
some circumstances. Even radiation—the 
classical DNA-damaging agent and carcino¬ 
gen—may be protective in small doses 
against DNA damage at higher doses, as 
shown by recent work in human cells (19). 
Also, recent radiation experiments in mice 
show a dose threshold for the latency of 
tumor appearance (20). Thus, low doses of 
carcinogens appear to be both much more 
common and less hazardous than is general¬ 
ly thought. These scientific questions about 
mechanisms of carcinogenesis and the pre¬ 
ventable causes of human cancer, in any 
case, arc being resolved by the scientific 
community as quickly as resources allow. 

Regulation of low-dose exposures to 
chemicals based on animal cancer tests may 
not result in significant reduction of human 
cancer, because we are exposed to millions 
of different chemicals—almost all natural— 
and it is not feasible to test all of them. Most 
exposures, with the exception of some occu¬ 
pational, medical, or natural pesticide expo¬ 
sures, are at low doses. The selection of 
chemicals to test, a critical issue, should 
reflect human exposures that arc at high 
doses relative to their toxic doses and the 
numbers of people exposed. Epidemiology 
has been reasonably successful in identifying 
risk factors for human cancer, such as smok¬ 
ing, hormonal and dietary imbalances, as¬ 
bestos, and several occupational chemicals; 
the data suggest that pesticide residues arc 
unlikely to be a significant risk factor (6,21). 
Epidemiology, with molecular approaches, 
is becoming more sophisticated and will 
continue to be our main tool in analyzing 
causes of cancer. In order to minimize can¬ 
cer and the other degenerative diseases of 
aging [which arc associated with our con¬ 
stantly increasing life expectancy (6, 7)], we 
need to obtain the knowledge that will come 
from further basic scientific research. 

Bruce N. Ames 
Department of Biochemistry, 
University of California, Berkeley, CA 94720 
Lois Swirsky Gold 
Cell and Molecular Biology Division, 
Lawrence Berkeley Laboratory, 
_ Berkeley, CA 94720 
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EXECUTIVE SUHKARY 


This document contains the Environmental Protection Agency's 
(EPA’s) evaluation of the risks and benefits of the plant growth 
regulator daminozide and the basis for the Agency's proposed 
cancellation of the food uses of daminozide. 

Daminozide is the accepted, common name for butanedioic acid 
mono (2,2-dimethylhydrazide). Daminozide (trade name Alar 1 ) was 
first registered in 1963 by the Uniroyal Chemical Company, Inc., 
for use on potted chrysanthemums. The first food use of 
daminozide was registered in 1968 for use on apples. Daminozide 
is currently registered for use as a plant growth regulator to 
control vegetative and reproductive growth of orchard crops 
including apples, cherries, nectarines, peaches, and pears. 
Daminozide affects flower bud initiation, fruit set and maturity, 
fruit firmness and coloring, preharvest fruit drop and the market 
quality of fruit at harvest and during storage. Daminozide is 
also used to enhance shorter and more erect peanut vines, 
suppress growth of tomatoes, and modify the stem length and shape 
of ornamental plants. In 1985, it was estimated that 49-77 
percent of the total daminozide usage was on apples, 
approximately 26 percent of daminozide usage was on peanuts, and 
5 percent was on ornamentals. Since 1985, daminozide use on both 
apples and peanuts has decreased significantly while the non-focd 
uses have remained steady. 

On July 18, 1984, EPA issued a Notice of Initiation of a 
Special Review (which included a Position Document 1 or PD 1) of 
pesticide products containing daminozide (49 FR 29186). This 
action was:based on the Agency finding that pesticide products 
containing daminozide met the risk criterion relating to 
oncogenicity formerly at 40 CFR 162.11(a)(3)(ii)(A) and now found 
at 40 CFR 154.7(a)'(2) (i). At that time, the relevant portion of 
4Q CFR 162.11 provided that a Special Review shall be conducted 
if the use of a pesticide "induces oncogenic effects in 
experimental mammalian species or in man as a result of oral, 
inhalation or dermal exposure...." Specifically, available data 
indicated that administration of daminozide and its degradate and 
metabolite, unsymmetrical dimethylhydrazine (UDMH), to laboratory 
animals resulted in statistically and biologically significant 
oncogenic responses at multiple organ sites in multiple species 
and strains of animals. UDMH was believed to be a very potent 
animal carcinogen and mutagen. 

In September 1985, the Agency developed a Draft Notice of 
Intent to Cancel and a Draft PD 2/3/4 in which cancellation of 
the food uses of daminozide on the basis of cancer dietary risk 
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was proposed. The Scientific Advisory Panel (SAP), reviewed the 
Draft Cancellation Notice and Draft PD 2/3/4 and concluded that 
the studies relied on by the Agency did not support quantitative 
cancer risk assessment. The Panel, which was established by 
Congress to provide scientific review of EPA pesticide actions, 
believed the data raised concern, but that the studies used by 
the Agency were sufficiently limited that they were inappropriate 
for risk assessment. 

After consideration of the comments made by the SAP, the 
Agency decided to postpone any further activity on the 
cancellation action at that time. However, the Agency did decide 
to require development of additional data to fully characterize 
the oncogenic risk of daminozide and UDMH before making any 
further regulatory decisions. In February 1986, the Agency 
imposed extensive data requirements on daminozide registrants 
under section 3(c)(2)(B) of FIFRA. The required data included 
additional oncogenicity studies, mutagenicity data, plant and 
animal metabolism studies, livestock feeding data, crop field 
trials, degradation in food data, storage stability information, 
market basket surveys, and development of refined, more sensitive 
detection methodologies. 

In the interim period while data were being generated, the 
Agency determined that certain changes to daminozide 
registrations intended to reduce human exposure were appropriate. 
These included: reduced label application rates for apples and 
limitation of the use on grapes to Concord grapes (not for use as 
raisins). In addition, the Agency established a lower apple 
tolerance with a specific expiration date. * 

By the end of December 1988, much of the required data had 
been received and reviewed by the Agency. As a result of the 
review of these data, in particular a 12-month interim sacrifice 
report of a UDMH oncogenicity study in mice, the Agency has 
preliminarily determined that dietary exposure to UDMH represents 
a significant carcinogenic risk which outweighs the benefits of 
use of daminozide on food crops and therefore warrants the 
cancellation of the food uses of daminozide. The carcinogenic 
risk posed by non-dietary exposure to daminozide and UDMH do not 
outweigh the benefits and are not significant enough to take 
cancellation action. Therefore, the Agency is proposing that 
non-food uses be continued without modification of the terms and 
conditions of registrations. 

The Agency has recently evaluated the new Uniroyal data in 
conjunction with the previously considered (historical) data on 
daminozide and UDMH in a weight-of-the-evidence determination. 
Based on this evaluation both daminozide and UDMH were classified 
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as E2 chemicals, probable human carcinogens. In both the 
historical studies (NCI IS“8; Toth 1S77), judged inadequate for 
risk assessment by the SAP in 1SS5 and the new Uniroyaf studies, 
daminozide produced vascular and lung tumors in mice. In the 
more recent Uniroyal mouse study, daminozide showed a 
statistically significant increase in hemangiomas/ 
hemangiosarccmas with increasing dose (Cochran Armitage trend 
analysis), but not by pairwise comparison (Fisher’s exact test - 
a statistical comparison of control and treated animals). A 
dose-related trend for lung tumors was also seen in male mice. 

The.Agency believes the new data supported by the occurrence of 
similar tumors in the historical data are sufficient to classify 
daminozide .as a probable human carcinogen. However, the Agency 
also believes the oncogenic response seen in the daminozide 
studies is likely caused by the presence of UDMH in the test 
material arid/or metabolic conversion to UDMH. 

Vascular and lung tumors seen in the historical UDMH data 
were also seen in the one-year interim sacrifice in mice from the 
new Uniroyal study at 80 and 40 ppm. The increase in vascular 
tumors at 80 ppm was statistically significant by pairwise 
comparison and trend analysis. UDMH has produced a clear 
oncogenic response in mice at the highest dose tested and the 
Agency anticipates that an increase in vascular tumors will also 
be seen at the lower dose at terminal sacrifice (the 40 ppm dose 
showed one hemangioma in both a male and female mouse at the one 
year interim sacrifice). 

Neither the Uniroyal rat studies in daminozide (completed) 
and UDMH (one-year interim sacrifice) or the historical rat data 
produced treatment related lung or vascular tumors in feeding 
studies,. 

The Agency has used data from a 1986 market basket survey, 
recent crop field trial data, and recently conducted animal 
feeding studies to estimate exposure for both daminozide and 
UDMH. From the interim sacrifice report of the UDMH mouse cancer 
study, the Agency calculated an interim carcinogenic potency 
factor based on the incidence of hemangiosarcomas (malignant 
vascular tumors) and combined hemangiomas/hemangiosarcomas of the 
liver. Based upon this information," the Agency has estimated the 
lifetime risk of cancer for the general population due to dietary 
exposure to UDMH to be 4 x 10‘ 5 (5 x 10' 5 if an estimate of 
metabolic conversion of daminozide to UDMH in the gut is 
considered). (The lifetime.risk to the general population 
(4 x io‘ 5 J is somewhat lower than the risk cited in the Apple 
Tolerance Extension document of January 31, 1989 [54 FR 6392] 
because of a slight overestimate of dietary exposure made in the 
tolerance document.) The Agency is particularly concerned that a 
disproportionate share of the lifetime risk occurs from childhood 
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exposure because of the high ratio of food intake per unit 
fcocywerght and the relatively high proportion of a child's duet 
that: is cor,posed of foods which may contain daminozide and t’DMH 
residues. The annual lifetime risk to non-nursing infants (0 to 
1 year of age), the highest exposure group, from one year 
exposure to I'TMH is estimated to be approximately 5 x 10' 6 
(6 x 10' 6 if 1 percent metabolic conversion is assumed). The 
Agency has sought the advice of the National Academy of Science 
(NAS) as to whether relatively high exposure during infancy and 
childhood make a person more susceptible to cancer later in life. 

The benefits from daminozide use have been assessed in terms 
of economic impacts which would result if the registered uses of 
daminozide were cancelled. In assessing benefits, the Agency 
considered uage information from 1985 and 1988. The Agency 
concluded the overall impacts from cancellation of daminozide on 
food uses would be insignificant to minor. Although there are 
alternatives for some of daminozide's uses, no one alternative 
chemical provides all the benefits of daminozide. For food uses, 
the greatest anticipated annual impacts would be in apple 
production'. Estimates of the economic impact on the apple 
industry are based on 10 percent of the crop treated. Earlier 
estimates made in conjunction with the apple tolerance extension 
document of January 31, 1989, referenced a 4 to 8 percent annual 
crop treatment. The higher estimate (5 to 10 percent) in this 
document is a result of additional and more in-depth information 
gathered in the last two months. 

Based on 1988 usage data, impacts on the apple use, in terms 
of net social cost for the whole of society, could range from $18 

- 81 million with the most likely impact approaching the lower 
end of this range, growers of Stayman and McIntosh varieties 
would suffer the greatest individual impact. For other food 
uses, the a;nnual impacts are anticipated to be approximately $1.5 

- 5.5 million for peaches, approximately $260,000 for peanuts, 
and negligible impacts for nectarines, cherries, grapes, and 
pears.. The Agency needs additional information regarding the 
benefits of daminozide use on tomato transplants and is 
requesting this information in this document. 

The Agency considered a number of options to further reduce 
dietary exposure and thus reduce carcinogenic risk. In 
particular, limiting use to certain crops and varieties was 
considered. None of the considered options was found to reduce 
the cancer risk such that benefits outweighed risks. Therefore, 
since the risks of continued use outweigh the benefits, EPA is 
proposing cancellation of all food uses. 
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The Agency also considered an emergency suspension of 
daminozide use on food crops. Although EPA believes that the 
available data are a cause for concern, the level of risk during 
the time necessary to complete a cancellation action is net 
unreasonably high. Also, exposure is expected to decrease as a 
result of declining use which will further reduce risk. 

The Agency has also examined the risks and benefits of r.cn- 
dietary exposure. The Agency estimated that the greatest 
individual lifetime cancer risks posed by non-dietary exposure to 
UDMH from use on greenhouse ornamentals is 1 x 10' 6 , In 
addition, the Agency believes that annual grower and consumer 
losses (as high as $4.7 million in an industry with an annual 
wholesale value of $78.5 to $104.5 million) would be substantial 
if the uses of daminozide on ornamentals and bedding plants were 
cancelled. In this case, the Agency believes that the benefits 
outweigh the risks for non-dietary use of daminozide on 
ornamentals and bedding plants. The Agency is proposing that all 
registrations for use on ornamentals and bedding plants be 
retained without modifications to the label. 

The Agency will also be proposing in the near future the 
revocation of daminozide tolerances for all raw agricultural 
commodities as well as the daminozide food and feed additive 
regulations for processed commodities. No separate tolerances or 
food and feed additive regulations have been established for 
UDMH. As noted above, the Agency established a lower tolerance 
for daminozide on apples, with an expiration date while data were 
being generated. On January 31, 1989 (54 FR 6392? February 10, 
1989), the apple tolerance was extended for an additional 18 
months to allow the Agency time to complete the Special Review of 
daminozide. 
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Uniroyai Chemical Company, Inc 

UNI ROYAL 

World Headquarters 

MEMJCAL 

Middlebury. CT 06749 
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January 13, 1989 


Mr. David Gelber 
60 Minutes 
CBS-TV 

524 West 57th Street 
New York, New York 10019 

Dear Davids 


re: Dsminozide/UDMEi 


Dniroyal Chemical has studied extensively the safety of daminozide 
for more than .20 years. 


In 20 years of production and use, there is no evidence of adverse 
health effects among employees, applicators or anyone else exposed to 
daninozide. The tests originally cited as suggesting a connection 
between daminozide and health concerns were evaluated by the EPA’s 
Scientific Advisory Panel in 1985 as too unreliable for regulatory 
derision-making purposes. 

New carcinogenicity studies on daminozide, carried out by an 
independent laboratory under approved EPA test procedures, were 
carpleted in 1988. The independent pathologists concluded that 
daninozide is not carcinogenic in rats or mice. Five separate studies 
determined that daminozide is not mutagenic. 

Since reliable studies on UEtt-: are not available, Uniroyal Chemical 
initiated, and is concluding, several lifetime carcinogenicity studies 
on UEMH, again under approved EPA test procedures. Final results will 
not be available until late this year. In the meantime, four other 
studies have proven UDMH is not mutagenic. 

Daminozide is an important management tool for growers which allows 
them to supply high quality, wholesome and nutritious products year 
round. Daminozide has become an important part of integrated pest 
management (TPM) programs across the country, reducing the overall need 
for pesticide use. 


Unixcyal Chemical recognizes that the use of any product may pose 
sane risk, however minute, and the public should evaluate relative risk. 
Attached is a comparison of the alleged "worst case" risk from lifetime 
exposure to daminozide and OEMH to cannon products consumed by the 
public.. She conclusion is obvious? any risk from daminozide or UDMH, if 
it exists, is negligible. 





Director, Communications 
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UNIROYAL CHEMICAL COMPANY, INC. 

74 Amity Road 
Bethany. Connecticut 06525 
(203) 393-2163 

THE RELATIVE RISK OF DAMIN02IDE (ALAR$/KYLAR®) USE 

Dr. Bruce Ames, inventor of the widely used Ames Mutagenicity Assay and 
Professor of Biochemistry at the University of California, Berkeley, has 
recently published a study which describes the relative risks of a 
variety of natural and man-made carcinogens.^ 

In this article, Dr.'* Ames states that rodent cancer tests can't be used 
to predict absolute human risks. However, they can be used to indicate 
that some chemicals might be of greater concern than others. He ranks 
these carcinogenic hazards to humans by an index which relates human 
exposure to carcinogenic potency. This index is called a KERP INDEX 
(Human Exposure/Rodent Potency). Dr. toes stresses the need to identify 
important eauses of cancer among the vast number of minimal risks. This 
requires knowledge of both the amounts of a substance to whieh humans are 
exposed and its carcinogenic potency. 

A graphical representation of the relative carcinogenic risk or KERP 
INDEX for several substances which appear in Dr. Ames' article is 
attached. The relative carcinogenic risk of these substances which 
include beer, mushrooms, diet cola, peanut butter, bacon and chlorinated 
tap water will surprise you. Mere surprisingly, when a HSR? INDEX is 
calculated for dasdnozide and its by-product UDMH, using worst ease 
resulto from mouse studies conducted by B. Toth, the relative risk is 
tenfold lower than tap water. 
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Ames et al.. Ranking Possible Carcinogenic Hazards , Science, 


Vol. 236; pp. 271-280 (1987). 
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Dr. Ames cautions that the EER? INDEX should not be used as a direct 
estimate of human hazard, since human susceptibility at lover dose rates 
roost likely differ from the high dosage rates that rodents are exposed 
to. Therefore, the actual hazard or risk at low dose rates might be 
much less than the HERP values would suggest. He concludes that 
"... current levels of pesticide residues... are likely to be of minimal 
concern relative to the background levels of natural substances..." 
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Be Most Wary of Nature’s Own Pesticides 


n,, no I irr m a 


The bad news is that our plant foods 
contain carcinogens, Carrots r comfrey tea, 
celery, parsley, parsnips, mushrooms, cab¬ 
bage, Brussels sprouts, mustard, basil, 
fennel, orange and grapefruit juices, pep¬ 
per, cauliflower, broccoli, raspberry and 
pineapple contain natural pesticides that 
cause cancer fn rats or mice and that are 
present at levels ranging from 70 ppb 
(parts per billion) to 4,000,000 ppb—levels 
that are enormously higher than the 
amounts of man-made pesticide residues in 
plant foods. 

All plants produce their own natural 
pesticides to protect themselves against 
fungi, insects and predators such as man. 
Tens of thousands of these natural pesti¬ 
cides have been discovered, and every 
species of plant contains its own set of 
toxins, usually a few dozen. When plants 
are stressed or damaged, such as during a 
pest attack, they increase their natural 
pesticide levels many fold, occasionally to 
levels that are acutely toxic to humans. 

Only a tiny percentage of these natural 
pesticides has been tested in animal cancer 
tests, but of those that have been tested, 
the percentage that turns out to becarcino- 
genic is about as high as for man-made 
pesticides (about 30%). The same appears 
to be true for natural teratogens (agents 
that cause birth defects). It is highly 
probable that almost every plant product in 
the supermarket contains natural carcino¬ 
gens and teratogens. 

The pesticides that we are eating are 
99.99% all natural (we eat 10,000 times 
more natural than man-made pesticides). 
Most natural pesticides, like man-made 
pesticides, are relatively new to the mod¬ 
ern diet, because most of our plant foods 
were brought to Europe within the last 500 
years from the Americas, Africa and Asia 
(and vice versa). 

In response to the environmentalist 


campaign about tiny traces of man-made 
pesticides, plant breeders are active in 
developing varieties that are naturally pest 
resistant However, the primary way plant 
breeders are able to increase natural 
resistance to pests is to breed plants with 
increased levels of natural pesticides. It 
should be no surprise, then, that a newly 
introduced variety of insect-resistant pota¬ 
to had to be withdrawn from the market, 
due to acute toxicity to humans caused by 
much higher levels of the teratogens 
. solanine and chaconine than are normally 
present in potatoes. Similarly, a new 
variety of insect-resistant celery recently 
introduced in the United States had to be 
withdrawn after it caused widespread 
outbreaks of dermatitis due to a concentra¬ 
tion of carcinogens at 9,000 ppb rather than 
the usual 900 ppb. 

Many more such cases are likely to crop 
up—they are undetected as yet due to lack 
of immediate observable effects—because 
there is a fundamental trade-off between 
nature's pesticides and man-made pesti¬ 
cides. 

The good news is that it now appears 
from much recent work on the mechanisms 
of carcinogenesis that the risk of cancer is 
negligible from carcinogens at levels far 
below the maximum tolerated dose given to 
rats and mice in cancer trials. I am not even 
very concerned about the cancer risk from 
allyl isothiocyanate, a natural carcinogen 
present in cabbage at 40,000 ppb and in 
brown mustard at 900,000 ppb, because I, 
along with most other leading scientists, 
am very skeptical about all of these 
worst-case, low-dose extrapolations from 
high-dose animal tests. 

What must be emphasized is that "the 
dose makes the poison." For example, 
consuming five alcoholic drinks per day is 
clearly a risk factor in humans for cancer, 
and in pregnant women for giving birth to 
mentally retarded babies. However, there 
is no convincing evidence as yet that 


consuming one alcoholic drink per day is 
dangerous. As another example, sunlight 
can cause cancer, but the evidence sug¬ 
gests that the carcinogenic danger is from 
repeated sunburns. In fact, ultraviolet light 
at low doses induces a tan, which protects 
against the burning of skin by ultraviolet 
light. 

My own estimate for the number of cases 
of cancer’ or birth defects caused by 
man-made pesticide residues in food or 
water pollution—usually at levels hun¬ 
dreds of thousands or millions of times 
below that given to rats or mice-‘-is close to 
zero. 

The Food and Drug Administration and 
the Environmental Protection Agency are 
doing an adequate job of protecting our food 
supply from carcinogenic contaminants 
and are much more credible than the 
activists lawyers with the Natural Re¬ 
sources Defense Council who spend their 
time wooing the media with scientifically 
unfounded claims about the dangers of 
pesticides, but who have never assembled a 
knowledgeable board of scientific advisers. 
The cost to the American public from suefr' 
misplaced efforts is ehormous, both in 
terms of a very large hidden tax on our 
economy and in terms of lives lost by 
diverting our resources from real public-^, 
health problems. 

In order to minimize cancer and the 
other degenerative diseases of aging 
(which are associated with our constantly 
increasing life expectancy), we need the 
knowledge that will come from further 
basic scientific research. Yet we are spend¬ 
ing $70 billion per year on pollution 
because of wildly exaggerated fears and 
only $9 billion per year on all of our basic 
scientific research. 

Bruce N. Ames is chairman of the depart¬ 
ment of biochemistry and director of the 
National Institute of Environmental Health 
Sciences Center at UC Berkeley . 
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A Movie Star Pares the Apple Industry 

By JOHN NICHOLSON 


Hysteria among mothers. School 
administrators dumping apple juice 
down the drain. Newsc^.ers relishing 
the role of sternly warning America. 
Action footage on TV of apples being 
processed mechanically. 

That's what took place recently for 
several weeks, all because of one movie 
star who decided she wanted to “get in¬ 
volved. " 

Meryl Streep, who was made famous 
by her role in the anti-business Silk- 
wood movie, told her friend Robert 
Redford that she wanted to do some¬ 
thing politically as a mother. Redford 
sent her to a group of which he's a 



STREEP 

director, called the Natural Resources 
Defense*Council (NRDC), which was 
supporting (behind the scenes because 
it’s a non-profit 50I[cJ[3] tax-exempt 
group) a legislative battle to stiffen the 
pesticide laws last year. “They sent me 
the [draft] report and I read it and the 
top of my head came off," Streep 
recalls. 
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the rats’ livers; then cancers grew. Con¬ 
tinued testing at lower levels is now try¬ 
ing to determine if the cancers grew 
because of renal failure or because of 
the chemical. 

Meanwhile, because of the scary 
news, virtually all use in the U.S. of 
Alar was stopped voluntarily by apple 
growers after the first test results 
became known and EPA issued its pre : 
liminary warning. 

NRDC put into its computers residue 
levels primarily from FDA’s inspectors 
in southern California—not exactly ap¬ 
ple country — and then adjusted them 
for national rates which augmented the 
j\lar findings. Further, as scientists 
from the National Food Processors 
Association have explained, NRDC 
used an out-of-date potency constant 
for UDMH, a breakdown component 
of daminozide. 

“This potency constant was based on 
data acknowledged to be flawed and 
inappropriate * for’ purposes of risk 
assessment," NFPA said. “This error 
alone is expected to lead to a ten-fold 
overestimate of risk from UDMH ex¬ 
posure." 

Regardless, the company’s 
refusal to take Alar off the market 
until tests are complete to verify 


the one case from extremely high 
dosage has created the aura of in¬ 
dustrial obstinacy, fueling Streep's 

emotional message. 

“We firmly believe," says Uniroyal 
Crop Protection Manager James A. 
Wylie Jr., “that if we submit to the 
pressure created by the sensationalism 
of the media and environmentalists and 
voluntarily withdraw a product that we 
honestly believe to not present a risk to 
public health, then we should not be in 
this business." 

Finally, as the hysteria grew, EPA 
and the FDA and the USDA's Food 
and Consumer Services took the highly 
unusual step of issuing a joint press 
release. “Data used by NRDC, which"] 
claims cancer risks from Alar are 1001 
times higher than the EPA estimates, 
were rejected in 1985 by an independent 
scientific advisory a board created byj 
Congress,” the release said. ^ 

“Not since Orson Welles landed the 
Martians in New Jersey has an enter¬ 
tainer unleashed such hysteria on the 
land," wrote Washington Post colum¬ 
nist Jerry Knight. “Streep and her 
pesticide-paranoid understudies have 
irreparably damaged the American ap¬ 
ple industry, using tactics no less terror¬ 
ist than poisoning grapes." 


% 

“Both consumer and institutional 
outlets just stopped buying apples (and 
apple products]," complains Paul S. 
Weller, president of the Apple Proces¬ 
sors Association, a leading trade group. 
“The government has acted respon¬ 
sibly. Our industry has. The chemical 
company is acting within the law in 
good faith. Who's responsible for the 
financial devastation? 

“Maybe it’s time for a ‘truth-in¬ 
allegations' law to make these self-ap¬ 
pointed guardians of the public health 
be held personally responsible for the 
economic consequences of their acts. If 
Ms. Streep or others were forced to ob¬ 
tain insurance to protect their personal 
wealth, t(ien perhaps this might rein in 
their zeal to capitalize on their personal 
popularity." 

That the issue is complex and contro¬ 
versial is proven by EPA's request last 
year to the National Academy of 
Sciences to study how to translate 
animal toxicity findings into possible 
effects on humans at adult and child 
levels of use. 

“EPA and others have pointed to the 
lack^of scientific validity in the sugges¬ 
tion 6y the NRDC that the risk is much 
greater than has been stated by 
EPA.... Risk estimates for Alar and 
other pesticides based on animal testing 
are rough and are not precise predic¬ 
tions of human disease. Because of con¬ 
servative assumptions used by EPA, ac¬ 
tual risks may be lower or even zero," 
the government said. ■ 
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in a Washington Post article, Streep 
explained how she and NRDC devised a 
new lobbying arm called “Mothers and 
Others for Pesticide Limits” (as if there 
were none now). She arranged for a 
town meeting in her Connecticut village 
to be televised by “60 Minutes” for in¬ 
stant reaction to the horrible tales to be 
told by NR DC’s paid scientists. 

NRDC decided to use Streep to pub¬ 
licize its latest attack on governmental 
regulators — this time for not ade¬ 
quately considering the effects on chil¬ 
dren, when relying on animal testing to 
gauge the effects on humans in evalu¬ 
ating pesticides to be used on foods. To 
do so, NRDC aimed at several chem¬ 
icals to determine residues left on the 
produce, within legal limits, and then 
extrapolated from those levels what 
could be regarded as potentially toxic to 
children. 

NRDC hit a public relations bonanza 
with “Alar”—daminozide produced 
by Uniroyal. First fingered by EPA in 
1985, Alar (or more precisely, its meta¬ 
bolite UDMH) was found in One test of 
extremely high dosages on rats to ruin 


Mr. Nicholson , a Washington free-lance writer> 
operates a public affairs firm that has done 
work in the past for several of the major chem¬ 
ical companies producing pesticides. 
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UNIROYAL CHEMICAL COMPANY, INC. 

74 Amity Road 
Bethany, Connecticut 06525 
(203) 393-2163 


SUMMARY OF TOXICOLOGY DATA ON 
DAMINOZIDE AND UDMH 

Review of "Old" Data by EPA and the FIFRA SAP 
On September 26, 1985 the FIFRA Scientific Advisory Panel 
reviewed the then-existing data on daminozide and UDMH to 
determine the impact of those chemicals on health and the 
environment. The FIFRA SAP reviewed five studies: Haun 1984, 

NCI 1978, Toth 1977a, Toth 1977b, and Toth 1973. EPA summarized 
the FIFRA SAP's recommendation and the Agency's resulting 
position: "Each of these studies, however, has been examined by 
the Agency and the FIFRA Scientific Advisory Panel (SAP), and has 
been found not to provide an adequate basis for regulatory action 
at this time." 52 Fed. Reg. 1913 (Jan. 16, 1987) (see Appendix 
5). EPA subsequently stated that "audits and reviews of these 
studies have revealed that some of the studies yielded equivocal 
results and that the other studies have serious flaws or 
shortcomings in the test methodology and documentation. These 
facts have led EPA to conclude that the existing studies, singly 
or in combination, are inadequate to serve as the basis for 
regulatory action against daminozide under the Federal 
Insecticide, Fungicide and Rodenticide Act." 52 Fed. Reg. 28257. 
(July 29, 1987) (see Appendix 6). EPA explained: 
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After its review of the studies and critiques, 
the SAP concluded that, while some of the 
studies (those performed by Toth, et al.) "give 
rise to concern about the possible oncogenicity 
of daminozide," the data are inadequate to 
allow a qualitative risk assessment of the 
oncogenic potential of daminozide, i.e., an 
assessment of how likely it is that daminozide 
in fact increases the incidence of cancer. The 
SAP also found that the data are inadequate to 
allow a quantitative risk assessment. 

With respect to UDMH, the SAP found that a 
recent inhalation study (conducted by Haun, et 
al.) provides some evidence of potential 
oncogenicity, but that discrepancies in the 
study require further clarification. The SAP 
found use of these data to evaluate dietary 
risk to be questionable. (A subsequent EPA 
audit of the inhalation study concluded that it 
is unusable for regulatory purposes because the 
source and chemical composition of the test 
substance could not be determined from the 
underlying records of the study and because the 
boiling point of the chemical that was used as 
the test substance was reported to be some 40 
degrees Centigrade higher than that of UDMH.) 

52 Fed. Reg. 28257 (Appendix 6). Thus, according to EPA .and the 

FIFPA SAP, the previously existing data do not constitute 

scientifically valid testing according to generally accepted 

principles and do not show that daminozide or UDMH is 

carcinogenic. 

Dr. Christopher Wilkinson also has conducted a review of the 
prior studies. Dr. Wilkinson agrees that: 


The results of the older data base provide no 
compelling evidence that either daminozide or 
UDMH can be considered rodent carcinogens 
even at relatively high concentrations. 
Unfortunately, the data base is notable for 
its uniformly poor quality and, as pointed 
out by the EPA's SAP, it is not sufficient 
for either a qualitative or quantitative 
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evaluation of oncogenic potential. Base on 
current GLP requirements and cancer risk 
assessment guidelines, most of the data would 
be unacceptable. (See Appendix 2). 

Mutagenicity Studies 

Daminozide was previously shown to be non-mutagenic in a 
battery of five studies which included an Ames, E. coli DNA 
damage, S. cerevisiae genetic damage, mouse lymphoma and mouse 
dominant lethal assay. EPA requested four additional 
mutagenicity studies on UDMH. EPA reviewed and accepted as 
negative three of these studies. These studies are an Ames, CHO 
chromosome aberration assay and a DNA repair (UDS) assay. A 
fourth study, a CHO/HPRT gene mutation assay, which originally 
gave an equivocal result, was repeated and was negative. These 
data support the conclusion that daminozide and UDMH are 
non-mutagenic. 

Review of New Oncogenicity Studies 
Daminozide 

Daminozide oncogenicity studies in the rat and mouse were 
reported by IRDC in August 1988. Daminozide was administered in 
the diet of Charles River CD-I mice at dosage levels of 300, 
3,000, 6,000 and 10,000 ppm, and in Fischer 344 rats at dosage 
levels of 100, 500, 5,000 and 10,000 ppm. The text of these 
reports is given in Appendix 3 and 4. Both reports concluded 
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that there were no oncogenic effects related to administration of 
daminozide. 

In the daminozide mouse study there was a slight increase in 
the incidence of pulmonary neoplasms in treated animals and in 
the incidence of hemangiosarcomas of the liver in male mice. 
However, these effects were not considered by IRDC to be 
biologically significant. 

The review of the daminozide oncogenicity studies by Dr. 
Christine Chaisson (Appendix 1) confirms IRDC's conclusion that 
these studies do not show that daminozide causes cancer. Dr. 
Chaisson concluded that "with the absence of genotoxic activity 
and no significant carcinogenic observations, the weight of the 

; i . 

evidence clearly favors classification of daminozide as 
Non-Carcinogenic." 


UDMH 

UDMH oncogenicity studies conducted by IRDC in the rat <j:.J 
mouse are scheduled to be reported in September 1989. In 
addition, a very high dose mouse study is scheduled to be 
reported in January 1990. The schedule for the UDMH studies 
presented in the table below; 


SCHEDULE FOR UDMH ONCOGENICITY STUDIES 


Animal Date Report Interim 

Species _ Started _ Dates _ Results At 

Rat 1/87 9/89 1 year 


o 

fO 

05 

I-* 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Mouse 

1/87 

9/89 

8 months, 
1 year 

Mouse 

5/87 

1/90 

8 months, 

(very high 
doses) 



1 year 


Because final results from the UDMH oncogenicity studies 
are not available, Uniroyal believes that it would be appropriate 
to reserve decision on UDMH until those results are received and 
can be evaluated. 

Interim results after one year in the UDMH rat and mouse 
oncogenicity studies indicate no oncogenic effects. (See 
Appendix 7 and 8). UDMH was administered in water to the rat at 
dosage levels of 1, 50 and 100 ppm, and to the mouse at dosage 
levels of 1, 5 and 10 ppm in males and 1, 5 and 20 ppm in 
females. 

In the high dose UDMH mouse oncogenicity study (Appendix 9) 
where UDMH was administered in water at dosage levels of 40 and 
80 ppm, an increase in lung adenomas was found in the high dose 
treated animals (80 ppm group) as compared to controls at the 8 
month interim sacrifice. However, this finding was accompanied 
by significant liver and blood effects which suggest that the 
Maximum Tolerated Dose (MTD) was exceeded. A one year interim 
sacrifice was recently completed. Results show an increase in 
benign lung tumors in treated vs. control animals. Blood vesse 
tumors were also increased in the 80 ppm treated groups. Again 
significant toxicity was found in the treated animals which was 
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accompanied by a marked increase in mortality in the 80 ppm 
dosage groups vs. control groups. UDMH produced non-neoplastic 
toxicity to the liver in mid and high dose males and to a lesser 
degree in females. This hepatotoxicity consisted of accumulation 
of brown pigment, hypertrophy, single cell necrosis, 
telangiectasis and hyperplasia of endothelial cells. Biochemical 
tests were also indicative of liver toxicity, where alanine 
aminotransferase and sorbitol dehydrogenase levels were 
significantly elevated in both males and females at 40 and 80 
ppm. In addition, males at both 40 and 80 ppm had statistically 
significant decreases in mean erythrocytes, hemoglobin and 
hematocrit values at 12 months. 

The study also reported an increase in mortality in the 80 
ppm dosage group and this was considered a treatment related 
effect. Survival is summarized in the table below through week 
81 of the study. 


% SURVIVAL UDMH MOUSE STUDY (High Dose) 


Week of 

0 



40 

80 


Study 

M F 

M 

F 

M 

F 



52 

90 

92 

90 

86 

74 

78 

71 

80 

84 

80 

70 

42 

48 

77 

76 

76 

76 

62 

30 

40 

81 

74 

68 

68 

58 

18 

30 


It is evident from the decreased survival, and the 
liver and blood toxicity observed, that the MTD has been exceeded 
in this study. A proper evaluation of the carcinogenic potential 
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of UDMH most await the results of the UDMH rat and mouse studies 
which are being conducted at dosage levels that more closely 
approximate an MTD. 


The interim results from the UDMH studies have been reviewed 

by Dr. Chaisson. (Appendix 1). Her report states: 

Based on preliminary data, the worst-case 
evaluation would be that UDMH has shown 
carcinogenic effects in mice when fed 
overtly toxic levels. The genotoxicity data 
are negative and do not support the 
carcinogenicity of UDMH. The preliminary 
data from the rat studies are negative and 
do not support the observations in the 
high-dose mice. The low-dose mouse study, 
conducted at does which do not compromise 
the viability of the test animal or 
drastically alter the basic physiological 
integrity of the animals, also contradicts 
the high-dose observations. 

The evidence, therefore, suggests that UDMH 
is not directly expressing carcinogenic 
potential. 

Conclusion 

Both the United States Environmental Protection Agency and 
the FIFRA Scientific Advisory Panel concluded that previously- 
existing data on daminozide and UDMH were inadequate to classify 
those chemicals as carcinogens. 


The final results of new oncogenicity studies on daminozide 
in the rat and the mouse do not indicate that daminozide is a 
carcinogen. 
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One-year interim results indicate no oncogenic effects in 
the UDNH rat and mouse studies, and positive interim results in 
the high dose mouse study are accompanied by indications that the 
MTD had been exceeded. Evaluation of UDMH should be reserved 
until the final results of the ongoing studies are available. 
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DAWINOZIDE (NCI/NTP NO 33) 

(calculated by MSTAGE) 



DOSE (1000 PPM) 

MALE RATS - INTERSTITIAL SELL TUMORS 

The "error bars" are the statistical errors (standard deviation) given 
by V Npq : N = No. of animals; p = probability of tumor; q = 1— p. 
A line is a good fit if it goes through 2/3 of the error bars. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 


20ZS546185 



MALE RATS - INTERSTITIAL CELL TUMORS 


Summary of input data 


# 

—Dose- 

value 

-Numb 

%r. tumor 

er- 

tested 

Fisher exact 

comparison (Compared with control-zero dose) 

1 

O.OOOE+OO 

13 

20 


2 

5.000E+00 

46 

50 

9.491E-03 

3 

1.OOOE+Ol 

47 

50 

4.241E-03 


Parameter 

number Status 


Value 


Approximate 
p value 


Gradient of 
logiiklihood 


0 

1 

2 


optimised 
optimised 
set to zero 


1.150E+00 

2.036E-01 

0 


5.986E-03 
4.257E-02 
1.OOOE+OG 


-2.975E-14 
-2.132E-13 
—4.863E+01 


95.0% one-sided confidence limits ( 90.0% confidence interval) on stage 1 
are: 1.281E-02 to 3.222E-01 (Optimum value: 2.036E-01) 


DATA FROM NCI/NTP 83 

98T9fr£SZ0Z 
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DOSE (1000 PPM) 


Female rats — Uterus 
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FEMALE RAT - UTERUS 


Suinmary of input data 

-Dos a- -Number- Fisher exact 


# 

value w. 

tumor 

tested comparison 


1 

0.000E+00 

0 

19 



2 

5.000E+00 

7 

50 

9.258E-02 


3 

1.000E+01 

8 

50 

6.421E-02 


Parameter 



Approximate 

number Status 


Value 

p value 

0 

set to 

zero 


0 

5.012E-02 

1 

optimised 


2.172E-02 

5.255E-02 

2 

set to 

zero 


0 

1.000E+00 


95.0% one-sided confidence limits ( 90.0% confidence interval) 
are: O.OOOE+OO to 3.231E-02 (Optimum value: 2. 


88T9t>SS202 


Gradient of 
logliklihood 

—9.984E+00 
O.OOOE+OO 
-4.508E+02 

on stage 1 
172E-02) 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 









MAIiE MICE - LUNG 


Summary of input data 

-Dose- --Number- Fisher exact 


# 

value 

w. tumor 

tested 

comparison 

1 

0.OOOE+OO 

4 

14 


2 

5.000E+00 

17 

50 

4.846E-01 

3 

1.OOOE+Ol 

20 

50 

3.247E-01 


Parameter 

number 

Status 

Value 

Approximate 
p value 

Gradient of 
logliklihood 

0 

optimised 

3.365E-01 

3.390E-01 

2.716E-13 

1 

optimised 

1.418E-02 

4.160E-01 

-4.814E-12 

2 

optimised 

3.253E-04 

4.775E-01 

-5.005E-11 


95.0% one-sided confidence limits ( 90.0% confidence interval) on stage 1 
are: 0.000E+00 to 4.820E-02 (Optimum value: 1.418E-02) 


06T9fcSSZ0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 







WITH TUMOR0/TOTAL # 


- 7 - 



DOSE (1000 PPM) 
MALE MICE - LIVER 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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MALE MICE - LIVER 


Summary of input data 

-Dose-- —-Number- Fisher exact 


# 

value 

tr. tumor 

tested 

comparison 

1 

0.000E+00 

1 

14 


2 

5.OOOE+OO 

9 

50 

2.994E-01 

3 

1.000E+01 

16 

46 

4.037E-02 


Parameter 

number 

Status 

Value 

Approximate 
p value 

Gradient of 
logliklihood 

0 

optimised 

6.080E-02 

6.349E-03 

-8.882E-16 

1 

optimised 

3.350E-02 

6.349E-03 

-8.882E-15 

2 

fixed 

0 

n.a. 

1.476E+02 


95,0% one-sided confidence limits ( 90.0% confidence interval) on stage 1 
are: 1.276E-02 to 5.149E-02 (Optimum value: 3.350E-02) 


Z6T9t>SSZ0Z 
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DOSE (1000 PPM) 


FEMALE RATS - LUNG 


f 
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FEMALE RAT - LUNG 


Summary of input: data 

-Dose- -Number- Fisher exact 

# value w. tumor tested comparison 


1 

O.OOOE+OO 

1 

20 


2 

5.000E+00 

3 

50 

6.787E-01 

3 

1.000E+OX 

4 

48 

5.376E-01 


Parameter Approximate Gradient of 

number Status Value p value logliklihood 


0 

1 

2 


optimised 

optimised 

optimised 


5.129E-02 

6.610E-04 

2.911E-04 


4.237E-01 

4.877E-01 

4.412E-01 


4,441E-16 
4.441E-15 
2.220E-14 


95,0% one-sided confidence limits ( 90,0% confidence interval) on stage 1 
are: O.OOOE+OO to 1.352E-02 (Optimum value: 6.610E-04) 


temsszoz 


O 

I 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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The incidence of pulmonary neoplasms from the present study 
ic presented in th« following table. 

INCIDENCE OF PULMONARY NEOPLASMS 


© 

. Males 

300 ppm 3,000 ppm 6,000 ppm 

10,000 ppm 

©Of 

SAC 

DOS 

SAC DOS SAC DOS SAC 

DOS 

SAC 

( 2 »> 

(21) 

( 26 ) 

(24) (26) (24) (33) (17) 

(35) 

(15) 

11 

f 

13 

ALVEOLAR/BRONCHIOLAR ADENOMAS 

13 10 18 18 13 

19 

8 

3 

2 

l 

ALVEOLAR/BRONCHIOLAR CARCINOMAS 

114 4 3 

6 

0 

14 

11 

14 

TOTAL PULMONARY NEOPLASMS 

14 11 22 22 16 

25 

8 

( 27 ) 

(23) 

(31) 

Females 

(19) . (25) (25) (2-9) (21) 

(31) 

(19) 


— 


ALVEOLAR/BRONCHIOLAR ADENOMAS 



8 

12 

14 

12 _ 12 15 12 16 

13 “ 

13 

0 

0 

3 

ALVEOLAR/BRONCHIOLAR CARCINOMAS 

0 2 0 2 0 

4 

0 

8 

12 

17 

TOTAL PULMONARY NEOPLASMS 

12 14 15 14 16 

17 

13 


Lung tumors occur spontaneously in many Strains of nice and 
the incidence varies between strain with a higher incidence in the 
stales compared to the females. The neoplasms appear to arise either 
from the alveolar cells lining the pulmonary alveoli or from Clara 
cells found normally within bronchioles. Since these two types of 
lung neoplasms cannot be easily distinguished between at the light 
microscopic level, they are usually designated as alveolar/bronchio- 
. lar adenomas or carcinomas. The incidence varies quite markedly 
between different studies conducted in the same strain of mice in 

399-054 
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the same laboratory. The historical incidence of alveolar/bronchio- 
lar adenomas end carcinomas in four. two-year chronic studies con¬ 
ducted st IRDC from 1963 to 1965 is presented below. 

HISTORICAL INCIDENCE (Z)‘Of PULMONARY NEOPLASMS IN CD-I MICE AT IRDC 


Study 

Adenomas 

Kales 

Carcinomas 

Total 

Females 

Adenomas Carcinomas 

Total 

A 

16.2 

0.90 

19.1 

12.7 

4.5 

17.2 

B 

44.0 

0 

44.0 

22.0 

2.0 

24.0 

C 

26.0 

6.0 

34.0 

14.0 

2.0 

16.0 

D 

3. 

26.1 

Summary 

8.7 

34.8 

8.7 

2.9 

11.6 


A variety of nonneoplastie end neoplastic lesions were seen 
in both sexes across dose levels and the majority of them appeared 
to not be related to the administration of the test article. 


Inflammation and brown pigment in the livero of the male mice were 
more prevalent in the treated than in the controls and may have been 
related to the administration of the test article. An increase in 


lung neoplasms was present in both the treated males and treated 
females compared to the controls. A dose response* however, was not 

evident. 


Prepared By: 




Charles H. Frith, D.V.M., Ph.D. 
Resident Consulting Pathologist 



Robert C. Ge.il, D.V.M., A.C.V.P. Diplosate 
Scientific Director of Pathology Division 


fr-s- 

Date 



Date 
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EXECUTIVE SUMXARY 


Thzs document contains the Environmental Protection Agency's 
(EPA's) evaluation of the risks and benefits of the plant growth 
regulator dar.inczi.de and the basis for the Agency's proposed 
cancellation of the food uses of daminozide. 

Daminozide is the accepted, common name for butanedioic acid 
mono (2,2-dinethylhydrazide) . Daminozide (trade name Alar*) vas 
first registered in 1963 by the Uniroyal Chemical Company, Inc., 
for use on potted chrysanthemums. The first food use of 
daminozide was registered in 1968 for use on apples. Daminozide 
is currently registered for use as a plant growth regulator to 
control vegetative and reproductive growth of orchard crops 
including apples, cherries, nectarines, peaches, and pears. 
Daminozide affects flower bud initiation, fruit set and maturity, 
fruit firmness and coloring, preharvest fruit drop and the market 
quality of fruit at harvest and during storage. Daminozide is 
also used to enhance shorter and more erect peanut vines, 
suppress growth of tomatoes, and modify the stem length and shape 
of ornamental plants. In 1985, it was estimated that 49-77 
percent of the total daminozide usage was on apples, 
approximately 26 percent of daminozide usage was on peanuts, and 
5 percent was on ornamentals. Since 1985, daminozide use on both 
apples and peanuts has decreased significantly while the non-focd 
uses have; remained steady. 

On July 18, 1984, EPA issued a Notice of Initiation of a 
Special Review (which included a Position Document 1 or PD 1) of 
pesticide products containing daminozide (49 FR 29186). This 
action was based on the Agency finding that pesticide products 
containing daminozide met the risk criterion relating to 
oncocjenicity formerly at 40 CFR 162. ll (a) (3) (ii) (A) and now found 
at 40 CFR 154.7(a)(2)(i). At that time, the relevant portion of 
40 CFR 162.11 provided that a Special Review shall be conducted 
if the use of a pesticide "induces oncogenic effects in 
experimental mammalian species or in man as a result of oral, 
inhalation or dermal exposure....* 9 Specifically, available data 
indicated that administration of daminozide and its degradate and 
metabolite, unsymmetrical dimethylhydrazine (UDMH), to laboratory 
animals resulted in statistically and biologically significant 
oncogenic responses at multiple organ sites in multiple species 
and strains of animals. UDMH was believed to be a very potent 
animal carcinogen and mutagen. 

In September 1985, the Agency developed a Draft Notice of 
Intent to Cancel and a Draft PD 2/3/4 in which cancellation of 
the food uses of daminozide on the basis of cancer dietary risk 
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vas proposed. The Scientific Advisory Panel (SAP), reviewed the 
Draft Cancellation Notice and Draft PD 2/3/4 and concluded that 
the studies relied on by the Agency did not support quantitative 
cancer risk assessment. The Panel, which was established by 
Congress to provide scientific review of EPA pesticide actions, 
believed the data raised concarn, but that the studies used by 
the Agency were sufficiently limited that they were inappropriate 
for risk assessment. 

After consideration of the comments made by the SAP, the 
Agency decided to postpone any further activity on the 
cancellation action at that time. However, the Agency did decide 
to require development of additional data to fully characterize 
the oncogenic risk of daminozide and UDMH before making any 
further regulatory decisions. In February 1986, the Agency 
imposed extensive data requirements on daminozide registrants 
under section 3(c)(2)(B) of FXFRA. The required data included 
additional oncogenicity studies, mutagenicity data, plant and 
animal metabolism studies, livestock feeding data, crop field 
trials, degradation in food data, storage stability information, 
market basket surveys, and development of refined, more sensitive 
detection methodologies. 

In the interim period while data were being generated, the 
Agency determined that certain changes to daminozide 
registrations intended to reduce human exposure were appropriate. 
These included: reduced label application rates for apples and 
limitation of the use on grapes to Concord grapes (not for use as 
raisins). In addition, the Agency established a lower apple 
tolerance with a specific expiration date. ’ 

By the end of December 1988, much of the required data had 
been received and reviewed by the Agency. As a result of the 
review of these data, in particular a 12-month interim sacrifice 
report of a UDMH oncogenicity study in mice, the Agency has 
preliminarily determined that dietary exposure to UDMH represents 
a significant carcinogenic risk which outweighs the benefits of 
use of daminozide on food crops and therefore warrants the 
cancellation of the food uses of daminozide. The carcinogenic 
risk posed by non-dietary exposure to daminozide and UDMH do not 
outweigh the benefits and are not significant enough to take 
cancellation action. Therefore, the Agency is proposing that 
non-food uses be continued without modification of the terms and 
conditions of registrations. 

The Agency has recently evaluated the new Uniroyal data in 
conjunction with the previously considered (historical) data on 
daminozide and UDMH in a weight-of-the-evidence determination. 
Based on this evaluation both daminozide and UDMH were classified 
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as S2 chemicals, probable human carcinogens. In bcth the 
historical studies (NCI 1573 ; Tcth 1577) , judged inadequate for 
ris.< assessment by the SAP in 1535 and the new Uniroyal studies, 
daminozide produced vascular and lung tumors in mice. In the 
more regent Uniroyal mouse study, daminozide showed a 
statistically significant increase in hemangiomas/ 
hemangiosarcenas with increasing dose (Cochran Armitage trend 
analysis), but not by pairwise comparison (Fisher's exact test - 
a statistical comparison of control and treated animals). A 
dose-related trend for lung tumors was also seen in male mice. 

The Agency believes the new data supported by the occurrence of 
similar tumors in the historical data are sufficient to classify 
daminozide as a probable human carcinogen. However, the Agency 
also believes the oncogenic response seen in the daminozide 
studies is likely caused by the presence of UDMH in the test 
material and/or metabolic conversion to UDMH. 

Vascular and lung tumors seen in the historical UDMH data 
were also seen in the one-year interim sacrifice in mice from the 
new Uniroyal study at 80 and 40 ppm. The increase in vascular 
tumors at 80 ppm was statistically significant by pairwise 
comparison and trend analysis. UDMH has produced a clear 
oncogenic response in mice at the highest dose tested and the 
Agency anticipates that an increase in vascular tumors will also 
be seen at the lower dose at terminal sacrifice (the 40 ppm dose 
showed one hemangioma in both a male and female mouse at the one ) 

year interim sacrifice). 

Neither the Uniroyal rat studies in daminozide (completed) 
and UDMH (one-year interim sacrifice) or the historical rat data 
produced treatment related lung or vascular tumors in feeding 
studies. 

The Agency has used data from a 1986 market basket survey, 
recent crop field trial data, and recently conducted animal 
feeding studies to estimate exposure for both daminozide and 
UDMH,, From the interim sacrifice report of the UDMH mouse cancer 
study,, the Agency calculated an interim carcinogenic potency 
factor based on the incidence of hemangiosarcomas (malignant 
vascular tumors) and combined hemangiomas/hemangiosarcomas of the 
liver. Based upon this information, the Agency has estimated the 
lifetime risk of cancer for the general population due to dietary 
exposure to UDMH to be 4 x 10? (5 x 10‘ 5 if an estimate of 
metabolic conversion of daminozide to UDMH in the gut is 
considered). (The lifetime risk to the general population 
[4 x 10‘ 5 ) is somewhat lower than the risk cited in the Apple 
Tolerance Extension document of January 31, 1989 (54 FR 6392} 
because of a slight overestimate of dietary exposure made in the 
tolerance document.) The Agency is particularly concerned that a 
disproportionate share of the lifetime risk occurs from childhood 
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exposure because of the high ratio of food intake per ur.it 
bcoyveight and the relatively high proportion of a child’s diet 
that: is composed of foods which nay contain daninozide and UDKH 
residues, The annual lifetime risk to non-nursing infants (0 to 
(-1 year of age) , the highest exposure group, from one year 
exposure to LTMH is estinated to be approximately 5 x 10’ 6 
(6 x 10 if 1 percent metabolic conversion is assumed). The 
Agency has sought the advice of the National Academy of Science 
(NAS) as to whether relatively high exposure during infancy and 
childhood make a person more susceptible to cancer later in life. 

The benefits from daminozide use have been assessed in terms 
of economic impacts which would result if the registered uses of 
daminozide were cancelled. In assessing benefits, the Agency 
considered uage information from 1985 and 1988. The Agency 
concluded the overall impacts from cancellation of daminozide on 
food uses would be insignificant to minor. Although there are 
alternatives for some of daminozide’s uses, no one alternative 
chemical provides all the benefits of daminozide. For food uses, 
the greatest anticipated annual impacts would be in apple 
production. Estimates of the economic impact on the apple 
industry are based on 10 percent of the crop treated. Earlier 
estimates : made in conjunction with the apple tolerance extension 
document of January 31, 1989, referenced a 4 to 8 percent annual 
crop treatment. The higher estimate (5 to 10 percent) in this 
document is a result of additional and more in-depth information 
gathered in the last two months. 

Based on 1988 usage data, impacts on the apple use, in terms 
of net social cost for the whole of society, could range from $18 

- 81 million with the most likely impact approaching the lower 
end of this range, growers of Stayman and McIntosh varieties 
would suffer the greatest individual impact. For other food 
uses, the annual impacts are anticipated to be approximately $1.5 

- 5.5 million for peaches, approximately $260,000 for peanuts, 
and negligible impacts for nectarines, cherries, grapes, and 
pears, The Aoency needs additional information regarding the 
benefits of daminozide use on tomato transplants and is 
requesting this information in this document. 

The Agency considered a number of options to further reduce 
dietary exposure and thus reduce carcinogenic risk. In 
particular, limiting use to certain crops and varieties was 
considered. None of the considered options was found to reduce 
the cancer risk such that benefits outweighed risks. Therefore, 
since the risks of continued use outweigh the benefits, EPA is 
proposing cancellation of all food uses. 
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The Agency also considered an emergency suspension of 
darir.czide use cn food crops. Although EPA believes that the 
available data are a cause for concern, the level of risk during 
the time necessary to complete a cancellation action is net 
unreasonably high. Also, exposure is expected to decrease as a 
result of declining use which will further reduce risk. 

The Agency has also examined the risks and benefits of non- 
dietary exposure. The Agency estimated that the greatest 
individual lifetime cancer risks posed by non-dietary exposure to 
UDKH from use on greenhouse ornamentals is 1 x 10' 6 . In 
addition, the Agency believes that annual grower and consumer 
losses (as high as $4.7 million in an industry with an annual 
wholesale value of $78.5 to $104.5 million) would be substantial 
if the uses of daminozide on ornamentals and bedding plants were 
cancelled. In this case, the Agency believes that the benefits 
outweigh the risks for non-dietary use of daminozide on 
ornamentals and bedding plants. The Agency is proposing that all 
registrations for use on ornamentals and bedding plants be 
retained without modifications to the label. 

The Agency will also be proposing in the near future the 
revocation of daminozide tolerances for all raw agricultural 
commodities as well as the daminozide food and feed additive 
regulations for processed commodities. No separate tolerances or 
food and feed additive regulations have been established for 
UDMH. As noted above, the Agency established a lower tolerance 
for daminozide on apples with an expiration date while data were 
being generated. On January 31, 1989 (54 FR 6392; February 10, 
1989), the apple tolerance was extended for an additional 18 
months to allow the Agency time to complete the Special Review of 
daminozide. 
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REGULATORY DECISION-MAKING UNDER UNCERTAINTY: 
THE CASE OF ALAR* 


* This is a teaching case commissioned by the Harvard Center for 
Risk Analysis for use by the Office of Continuing Education, 
Harvard School of Public Health, for a course on Risk Analysis in 
Environmental & Occupational Health, September 5-7, 1990. The case 
was written by Ms. Susan Moses under the supervision of Dr. John 
D. Graham. 
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As Jack Moore, Acting Administrator of the U.S. Environmental 
Protection Agency (EPA), hung up the phone, he wondered whether he 
should agree to an interview with Ed Bradley for a 60 Minutes 
segment on pesticides. 

It was January 1989, George Bush had just been inaugurated 
as President, and the Administration had not put forth its policies 
on environmental issues. Jack Moore was Acting Administrator of 
EPA. He had most recently held the position of Assistant 

Administrator for Pesticides and Toxic Substances at EPA. As an 
advocate for the use of sound science in the regulatory decision¬ 
making process, he had good working relationships with both 
industry and environmentalists alike. Twice before Dr. Moore had 
been asked to appear on 60 Minutes (prior to being in the position 
of Acting Administrator), and both times he declined. He was under 
no pressure from The White House; it was his decision whether to 
grant the interview or not. Not too long ago. Dr. Moore had 

received an informal copy of a not-yet-released report on 
pesticides in children's food, written by the Natural Resources 
Defense Council (NRDC), an advocacy group. He now began to wonder 
whether or not there might be some connection between this report 
and the scheduled 60 Minutes segment, particularly since Ed Bradley 
had referred to the pesticide Alar, a registered trademark for the 
chemical daminozide that is sprayed on apples. Alar, and its 
metabolite unsymmetrical dimethylhydrazine (UDMH) , were highlighted 
in the NRDC report as potential hazards. 
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Knowing that 60 Minutes is watched by millions of viewers, 
Jack Moore began to evaluate the implications of his appearance on 
the show and wondered how he should prepare himself if he agreed 
to the interview with Ed Bradley. 

THE FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA) 

The Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA), enacted in 1947, is the federal law regulating pesticide 
products and their use in the United States. Until 1972, the law 
focused on the proper labeling of pesticide products. In 1972, 
amendments were passed changing FIFRA from a labeling law to a more 
comprehensive statute that charged EPA with the responsibility of 
premarket data review and registration. These changes reflected 
public concern about potential adverse health effects and the need 
to evaluate the "reasonableness” of any of these risks. Since 1972 
there have been a series of FIFRA amendments, and the debate over 
the adequacy of the current law in protecting human health and the 
environment continues today. 

FIFRA is a "risk-balancing" statute. EPA weighs any potential 
adverse effects of the product against its benefits as part of the 
decision-making process. The operating words of the statute are 
that the pesticide, when used as directed, "will not cause any 
unreasonable risk to man or the environment, taking into account 
the economic, social, and environmental costs and benefits of the 
use of the pesticide." This risk/benefit mandate is in contrast 
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to other laws, such as the Delaney Clause of the Federal Food, 
Drug, and Cosmetic Act, which bans the use of any intentional food 
additive that is shown to be a carcinogen in humans or animals, 
regardless of any benefits. 

All pesticide products must be registered by EPA prior to 
being marketed and distributed in commerce. Manufacturers must 
submit toxicological and environmental data to the Agency as part 
of their application for product registration. EPA reviews these 
data for short-term and long-term toxicity, mutagenicity, 
oncogenicity, fetotoxicity, teratogenicity, for effects on wildlife 
and other organisms, and for environmental fate and residues in 
food or feed. 

Under the Federal Food, Drug, and Cosmetic Act, EPA sets 
tolerances for pesticide residues in food. A tolerance is the 
maximum level of residue permitted in the raw harvested commodity 
and on processed forms of the commodity. 

If EPA approves a pesticide registration application, the 
product may be manufactured for commerce. However, each product 
is approved to control specific pests, for use on specific crops, 
and for use in specific concentrations and frequency of 
application. 

All pesticides that were on the market prior to the enactment 
of FI FRA were ''grandfathered" under the statute. Therefore, it is 
possible that many of these products would not be approved today 
under the current pesticide registration procedure. However, EPA 
is in the process of reviewing these "existing" pesticides to 
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determine whether any of them should be withdrawn from the market 
because of potential harmful effects. The Agency is under 
Congressional pressure to move more quickly in its evaluation of 
these grandfathered substances. 

The burden of proof as to the "safety” of a new pesticide 
rests with the manufacturer submitting the registration 
application. If for whatever reason the Agency determines that 
the terms of the registration are not being met, EPA may begin the 
"Special Review" process for canceling the registration. At this 
point, the burden of finding "unreasonable risk" is shifted to the 
Agency. 

This review is a process, formerly called the Rebuttable 
Presumption Against Registration (RPAR), whereby EPA collects and 
evaluates information on the pesticide and can request additional 
information from the manufacturer to determine whether any uses of 
the pesticide "cause unreasonable adverse effects to human health 
or the environment." 

Depending on the nature of the new data, the Agency may 
propose changes to the terms of the registration under the 
rationale that such changes reduce risks to the level where the 
benefits outweigh the risks; or, EPA may proceed with cancellation 
by issuing a "Notice of Intent to Cancel" if the Agency finds that 
the risks outweigh the benefits. Throughout this entire process, 
the public has the opportunity to submit comments in an effort to 
affect any regulatory action. 
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THE SCIENTIFIC ADVISORY PANEL (SAP) 

The Scientific Advisory Panel (SAP), a standing advisory 
committee, was mandated in 1975 by FIFRA to review, for potential 
regulatory action, EPA's evaluations of environmental and health 
risks posed by specific pesticides. 

Regulatory History of Alar 

Alar, the Uniroyal Chemical Company trade name for daminozide, 
was first registered with the Environmental Protection Agency (EPA) 
as a plant growth regulator for potted chrysanthemums in 1963. The 
first registered food use was for apples in 1968. To apple 
growers. Alar was a major breakthrough? ripe apples stayed on the 
tree longer, and remained firmer and redder (better market quality) 
during harvest and storage. The tolerance (maximum permissible 
residue level) for Alar in apples was set at 30 ppm. From 1968- 
1985 Alar was also registered for use on cherries, nectarines, 
peaches, pears, grapes, peanuts, tomatoes, and ornamental plants. 
However, in 1985 it was estimated that approximately 75% of the 
daminozide in commerce was used on apples? since that time usage 
has declined significantly (EPA, 1989). 

In the summer of 1984, EPA issued a Notice of Initiation of 
a Special Review of pesticide products containing daminozide, which 
indicated that the Agency was going to investigate potential 
harmful effects of the pesticide. Of particular concern was a 
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degradation product of daminozide, unsymmetrical dimethylhydrazine 
(UDMH). Data from animal studies indicated that both daminozide 
and UDMH elicited "statistically and biologically significant 
oncogenic responses at multiple organ sites in multiple species and 
strains of animals. UDMH was believed to be a very potent animal 
carcinogen and mutagen." (EPA, 1989) Although the database 
was limited, the Agency decided to proceed with a cancellation 
action.. 

A year later, in the fall of 1985, EPA developed a combined 
Preliminary and Final Determination and Draft Cancellation Notice. 
The process was accelerated in light of the potentially high 
dietary exposure of daminozide and UDMH to children. 

The EPA Scientific Advisory Panel (SAP), required under FIFRA 
to review this documentation, believed that while the data raised 
concerns, they were not sufficient to support a quantitative risk 
assessment for either daminozide or UDMH. The Department of 
Agriculture (USDA) also reviewed the report and argued that EPA had 
underestimated the benefits of daminozide use, and therefore, 
should reassess its call for cancellation. Although not legally 
bound by the SAP decision, the Agency decided to reassess its 
position based on the SAP recommendation, and chose not to proceed 
with the cancellation action. The Agency did require Uniroyal to 
conduct additional testing and collect additional data on the 
oncogenic risk of daminozide and UDMH. In the interim, to reduce 
exposure, EPA lowered the tolerance for daminozide residues on 
apples from 30 ppm to 20 ppm. However, this tolerance was set to 
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expire on July 31, 1987 at which time EPA believed it would have 
additional data to evaluate the tolerance further. The Agency also 
instructed Uniroyal to include a use advisory with its product 
warning not to use the chemical on apples intended for use in apple 
sauce and apple juice. (When apples are processed into apple sauce 
and juice, the heating process causes daminozide to break down into 
UDMH. Therefore, these products have higher concentrations of 
UDMH.) 

At the time, Jack Moore felt that there was enough evidence 
for EPA to be concerned about the carcinogenic potential of 
daminozide and its metabolite UDMH, but not enough from a legal 
point of view to regulate Alar under FIFRA. Unlike the 
requirements for new pesticides where the registrant must bear the 
burden of proof that "the intended use will not present an 
unreasonable risk,” for currently registered chemicals such as 
daminozide, the burden of finding "unreasonable risk" lay with EPA. 

In 1985-86, when the carcinogenic potential of Alar was made 
public,, consumers acted predictably-—they stopped buying apples 
until they were assured by their grocers and food processors that 
the apples in their stores and products were Alar-free. The 
protest was relatively calm, and short-lived. 

Over the next several years (1986-88), NRDC, Public Citizen, 
and the States of New York and Maine petitioned and then sued EPA 
for not amending the tolerance for daminozide residue to zero. 
The Agency claimed it did not have sufficient data to determine 
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benefits attributed to daminozide" (many of which relate to the 
appearance of the fruit). The overall effect on all growers is 
estimated to be "an annual income increase of $1.5 million" 
resulting from higher market apple prices, with daminozide users 
losing $14.5 million and non-users gaining $16.1 million. Growers 
of certain apple varieties (particularly Eastern McIntosh and 
Stayman), however, may experience annual income losses of $5.7 and 
$1.8 million, respectively. 

In addition, a cancellation of Alar was estimated to reduce 
the supply of fresh apples. "The net social cost (total society 
cost) of cancellation of daminozide use on apples based on 10 
percent of the crop treated is estimated to range from $18 to $81 
million as compared to $44 to $198 million for 1985 usage levels. 
Economic impacts of a cancellation for other uses of daminozide, 
such as on cherries, grapes, peanuts, and ornamentals, are 
predicted to be much less significant. In addition to the apple 
industry, peach growers' losses were estimated to range from $1.5 
to $5.5 million (EPA, 1989). 

The Agency staff did not recommend issuing an emergency 
suspension of daminozide use on food crops because while the data 
did indicate cause for concern, "the level of risk during the time 
necessary to complete a cancellation action is not unreasonably 
high." (EPA, 1989). According to FIFRA, an immediate suspension 
is warranted only if EPA determines that the risks present an 
immediate hazard. In the interim it was also expected that usage 
would decline, thereby lowering the risk of exposure. 
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RISK ASSESSMENT DATA 

in historical studies from 1977-78, as well as more recent 
data submitted by Uniroyal, daminozide produced vascular and lung 
tumors in mice. However, this oncogenic response may be linked to 
the presence of UDMH in the test material (possibly by metabolic 
conversion). UDMH also produced vascular and lung tumors. On the 
other hand, the data from rat studies for both daminozide and UDMH 
is less significant. More specific information on these studies 
is shown in Table 1. 

The estimates of daminozide and UDMH residues in raw and 
produced foods are shown in Tables 2 and 3. The estimates of 
dietary exposure for the U.S. population as well as for specific 
age subsets are shown in Tables 4-9. 

The lifetime risk of cancer for the general population due to 
dietary exposure to UDMH was estimated to be 4 - 5 x 10-5. 
However, because children have a high ratio of food intake for 
their bodyweight and because such a high proportion of their diet 
comes from , foods that may have high levels of daminozide and/or 
UDMH residues, a cancer risk of 5-6 x 10-6 was estimated. 

THE NRDC RETORT 

The NRDC study, “Intolerable Risk: Pesticides in our 

Children's Food" examined the levels of pesticide residues found 
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in fruits and vegetables to determine whether they presented a 
health hazard to preschoolers. The NRDC report quantified the 
preschooler's dietary exposure to 23 pesticide residues in 27 food 
items as well as the resultant potential health risks in terms of 
two esndpoints—cancer and disruption in central nervous system 
functioning. 

The principal findings of the study were that 


•'Preschoolers are being exposed to hazardous levels of 
pesticides in fruits and vegetables. Between 5,500 and 
6,000 (a risk range of 2.5 x 10 to 2.8 x 10 ) of the 
current population of American preschoolers may 
eventually get cancer solely as a result of their 
exposure before six years of age to eight pesticides or 
metabolites commonly found in fruits and vegetables.” 
(NRDC report, p.2) 


The report singled out UDMH as ”the greatest source of the cancer 
risk identified by NRDC." This risk was estimated as "240 times 
greater than the cancer risk considered acceptable by EPA following 
a full lifetime of exposure;" one out of 4000 children will get 
cancer as a result of ingesting Alar-treated apples. 

The report also recommended that Congress amend the current 
pesticide regulations to "close loopholes in EPA's and FDA's 
regulatory programs." Furthermore, NRDC raised concerns about how 
long it takes to lower tolerances or remove hazardous pesticides 
from the market, and recommended that EPA be granted the authority 
to take action more quickly. (The Executive Summary of the NRDC 
report is attached.) 
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REGULATORY ACTION 

With his staff's data analyses and recoxoxaendations in hand, 
the current tolerance on Alar in apples due to expire January 31, 
1989, and the findings of the NRDC report soon to be released. Jack 
Moore had to make a decision on Alar in addition to deciding 
whether or not to be interviewed for 60 Minutes . 


STUDY QUESTIONS 


1. Should Jack Moore appear on 60 Minutes ? Discuss the pros and 
cons of this decision, taking into account the fact that he 
is Acting Administrator of EPA. 

2. If he agrees to the interview, how should Jack Moore prepare 
himself? 

3. What regulatory decision should the Agency make on Alar? 
Should Jack Moore reveal this decision during his 60 Minutes 
interview? 

4. :cn addition to "Why hasn't EPA banned Alar?" and "Is the 
current law adequate to protect the public from the risks of 
pesticides?", what additional questions should Jack Moore 
anticipate, and how should he respond? 

5. What factors in addition to the "scientific facts" must Jack 
Moore consider in his decision-making concerning Alar? 

6. Iss the current law adequate to protect the public from the 
risks of pesticides? 
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TAbLE 1 


NEOPLASTIC RESPONSE REPORTED 
FOR DAMINOZIDE AND UDMH 
IN RODENT CARCINOGENICITY STUDIES 


Studv Name 

Species & Route 

DAMINOZIDE 


Toth, 1977 

Swiss mouse 
(drinking water) 

NCI, 1978a 

B6C3F, mouse 
(dietary) 

NCI, 1978b 

F344 rat 
(dietary) 

Uniroyal, 
1988a 

CD-l mouse 
(dietary) 

UDMH 


Toth, 1973 

Swiss mouse 
(drinking water) 

Toth, 1977 

Hamster 

(drinking water) 

Haun, 1984 

F344 rat 
(inhalation) 

Haun, 1984 

C57BL/6 mouse 
(inhalation) 

Uniroyal,, 
1988e 

CD-I mouse 
(drinking water) 


Tumor Site and Potency fif Calculated^ 


Blood vessel sarcomas in males and 
females? alveolar/bronchiolar adenomas 
and carcinomas in males and females; 
kidney tumors in males 

Liver carcinomas in males; alveolar/ 
bronchiolar carcinomas and adenomas in 
males and females 

Uterine endometrial adenocarcinomas and 
leiomyosarcomas in females 


Dose-related trend with regard to 
blood vessel tumors of liver in males 
and females? dose-related increase in 
alveolar/bronchiolar adenomas in males ■ 
and females? no increases in vascular -t 
lung tumors by pairwise comparison 


Hemangiomas and hemangiosarcomas of 

liver in males and females? 

alveolar/bronchiolar adenomas and 

carcinomas in males and females? kidney 

and liver tumors in males and females? 

* 1 
r\ Ua O A / __ / 1_/ J \ 1 


estimated to be 


8.9 (mg/kg/day) 


Hemangiomas and hemangiosarsarcomas in |l 
males; colon tumors in males and females 


Pancreatic islet cell adenomas and j 
carcinomas in males? Q* 1 estimated to be] 
2.45 (mg/kg/day)' 1 ; pulmonary adenomas 
and carcinomas in males 


Hemangiomas and hemangiosarcomas in 
females? liver adenomas in females 

Blood vessel tumors of the liver in 
males and females? Q , estimated to be 
0.88 (mg/kg/day)' 1 ? alveolar/bronchiolar 
adenomas in males and females? Q* 


estimated to be 2.9 (mg/kg/day) 


-1 
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TM>l t 2 


ESTIMATES OF DAMINOZIDE LEVELS 
IN RAW AMD PRODUCED POODS 


COMMODITY 

PERCENT OF 

CROP TREATED 

AVERAGE, 

ppm DAMINOZIDE * 

Apples 



1.00 

Apple sauce (-baby) 



0.50 

" " (-adult) 



0.40 

Apple juice (-baby) 



0.50 

" " (-adult) 



0.40 

Dried raw apples 



8.00 # 

Dried cooked apples 



4.00 # 

Cherries, sweet and sour 


30 

23.7 

Cherry filling (and juice) 


1.5 

Grapes 



0.0 

Grape juice 



0.02 

Grape preserves 



0.02 

Nectarines 


3 

14.5 

Peaches 


3 

11.3 

Peaches, canned 



11.3 

Peemuts 



0.80 

Peanut butter 



0.80- 

Peanut oil 



0.80 

Pears 


3 

8.8 

Pears, canned 



8.8 

Beef meat 



0.01 

" kidney 



0.2 

" fat 



0.01 

" milk 



0.01 

Poultry meat 



0.001 

" eggs 



0.002 

Tomatoes, whole 


10 

0.20 

Tomato juice 


10 

0.30 # 

Tomato puree 


10 

0.66 # 

Tomato paste 


10 

1.10 # 

Catsup 


10 

0.50 # 

* For commodity items 

beef, 

beef byproducts, milk, poultry 

eggs, the residue values 

were extrapolated from feeding 


studies. 

# Residue levels for dried apples includes a concentration 
factor of 8. For processed tomato products, the average 
residue of 0.2 ppm was multiplied by the following 
concentration factors to derive the value used in 
calculating exposure: 1.5 for tomato juice, 3.3 for tomato 
puree, 5.4 for tomato paste, and 2.5 for catsup. 
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TAM-E 2, 


ESTIMATES OF PDMH LEVELS 
IN RAW AND PRODUCED FOODS 


commodity: 


PERCENT OF AVERAGE, 

CROP TREATED ppb UDMH * 


Apples 


2.6 


Apple sauce (-baby) 


33.3 


” " (-adult) 


14.0 


Apple juice (-baby) 


44.0 


" " (-adult) 


23.9 


Dried rziw apples 


20.8 

# 

Dried cooked apples 


352.0 

# 

Cherries, sweet and sour 

30 

18.6 


Cherry filling (and juice) 


108.1 


Grapes 


0.0 


Grape juice 


1.5 


Grape preserves 


1.5 


Nectarines 

3 

25.0 


Peaches 

3 

21.3 


Peaches, canned 


21.3 


Peanuts 


24.9 


Peanut butter 


24.9 


Peanut oil 


24.9 


Pears 

3 

11.9 


Pears, canned 


11.9 


Beef meat 


2.0 


" kidney 


2.0 


" fat 


2.0 


” milk 


2.0 


Poultry meat 


0.5 


" eggs 


0.5 


Tomatoes, whole 

10 

1.6 


Tomato juice 

10 

2.4 

# 

Tomato puree 

10 

5.3 

# 

Tomato paste 

10 

8.6 

# 

Catsup 

10 

4.0 

# 

* For beef, beef byproducts 

, milk, poultry and eggs, 

the 

residue values were extrapolated from feeding studies. 

# Residue levels for dried apples includes 

a concentration 

factor of 8. For processed tomato products, the average 

residue of 1.6 ppb was multiplied by the 

following 

concentration factors to < 

derive the value used in 

estimating 

exposure: 1.5' for tomato 

juice, 3.3 for 

tomato puree, 5.4 

for tomato paste', and 2.5 

for catsup. 
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TAbLE 4 


ESTIMATES OF DAMINOZIDE DIETARY EXPOSURE 
FOR THE U.S. POPULATION * 


COMMODITY 

AVERAGE 

DAILY 

CONSUMPTION 
(a food/ka bwt/dav) 

RESIDUE 
LEVELS 
(in ppm 
or ma/ka}fma 

EXPOSURE 
dam./ka/dav) 

Apples, fresh 

0.3074 

1.00 

0.000307 


Apples, cooked: 

fresh and juice 

0.2004 

0.50 

0.001000 


Dried reiw apples 

0.0001 

8.00 

0.000001 

# 

Dried cooked apples 

0.0001 

4.00 

0.0000004 

# 

Apple juice, raw 

0.1709 

0.50 

0.000085 


Cherries, raw fresh 
and raw juice 

0.0105 

7.11 

0.000075 


Cherries, cooked: 

fresh and juice 

0.0251 

1.50 

0.000038 


Eggs 

0.5803 

0.002 

0.000001 


Grapes 

0.0438 

0.02 

0.000001 


Grape juice 

0.0901 

0.02 

0.000002 


Wine and sherry 

0.0842 

0.02 

0.000002 


Nectarines 

0.0130 

0.45 

0.000006 


Peaches 

0.2154 

0.34 

0.000073 


Peanuts, raw, 

cooked, and oil 

0.0748 

0.80 

0.000060 


Pears 

0.1225 

0.26 

0.000032 


Meat 

2.2318 

0.20 

0.000446 


Milk 

1.3705 

0.01 

0.000014 


Tomatoes, whole 

0.4920 

0.20 

0.000098 


Tomato juice 

0.0551 

0.30 

0.000017 

# 

Tomato puree 

0.1702 

0.66 

0.000112 

# 

Tomato paste 

0.0395 

1.10 

0.000043 

# 

Catsup 

0.0420 

0.50 

0.000021 

# 


TOTAL 0.000951 

or 

9.5 X 10' 4 
mg/kg/day + 

* For commodity items meat, milk, and eggs, the residue values were 
extrapolated from feeding studies data. 

# Residue levels for dried apples includes a concentration factor of 8. 
For processed tomato products, average residue of 0.2 ppm was 
multiplied by the following concentration factors: 1.5 for tomato 
juice, 3.3 for tomato puree, 5.4 for tomato paste, and 2.5 for catsup- 

+ 1 percent of exposure (0.95 x 10* 5 mg/kg/day) used to estimate UDMH 

contribution from metabolic conversion of daminozide to UDMH when 
estimating risk in Table 16. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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ESTIMATES OF UDMH DIETARY EXPOSURE 
FOR THE U.S. POPULATION * 




ilODITY 


AVERAGE 

DAILY 

CONSUMPTION 
food/ka bwt/da - 


RESIDUE 
LEVELS 
(in ppb 
or uq/k 


EXPOSURE 
uq UDMH/ka/da' 


Whies, fresh 

0.3074 

2.6 

0.000799 





■I fresh and juice 

0.2004 

44.0 

0.008818 

jKed raw apples 

0.0001 

20.8 

0.000002 

Sff£ed cooked apples 

0.0001 

352.0 

0.000035 

fffole juice, raw 

0.1709 

33.3 

0.005691 

j||rries, raw fresh 




B| and raw juice 

0.0105 

5.6 

0.000059 

^srries, cooked: 




Hh fresh and juice 

0.0251 

108.1 

0.002713 

Ks 

0.5803 

0.5 

0.000290 

Rapes 

0.0438 

0.0 

0.000000 

Ripe juice 

0.0901 

1.5 

0.000135 

ffine and sherry 

0.0842 

1.5 

0.000126 

mptarines 

0.0130 

0.8 

0.000010 

filches 

0.2154 

0.6 

0.000129 

fianuts, raw, 



• 

mm cooked and oil 

0.0748 

24.9 

0.001863 

Sears 

0.1225 

0.4 

0.000049 

Heat 

2.2318 

2.0 

0.004464 

§|lk 

1.3705 

2.0 

0.021068 

Bgmatoes, whole 

0.4920 

1.6 

0.000787 

Sgnato juice 

0.0551 

2.4 

0.000132 

Somato puree 

0.1702 

5.3 

0.000902 

jginato paste 

0.0395 

8.6 

0.000340 

jgtsup 

0.0420 

•4.0 

0.000168 





g^TAL) 



0.000047 


or 

4.7 x 10* 5 + 
mg/kg/day 

For commodity items meat, milk, and eggs, the residue values were 
extrapolated from feeding studies data. All beef, beef byproducts and 
poultry were combined under "meat” in this table. 

Residue levels for dried apples includes a concentration factor of 8. 
For processed tomato products, average residue of 1.6 was multiplied 
by the following concentration factors: 1.5 for tomato juice, 3.3 for 
tomato puree, 5.4 for tomato paste, and 2.5 for catsup. 

1 percent, of daminozide exposure (0.95 x 10* 4 mg/kg/day) added to 
total UDMH dietary exposure in Table 16 used to estimate 1 percent 
conversion of daminozide in the gut. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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TAS ESTIMATES OF AVERAGE DAILY EXPOSURE 
TO DAMINOZIDE FOR SELECTED AGE SUBSETS 


Subset 

(Age and Other) 

Exposure 

(mg/kg/day) 

AVERAGE (U.S 

:. POPULATION) 

0.000951 

Nursing infants (<1 year old) 

0.003396 

Non-nursing 

infants (<1 year old) 

0.005427 

Children (l 

- 6 years old) 

0.002786 

Children (7 

- 12 years old) 

0.001514 

Males (13 - 

19 years old) 

0.000730 

Females (13 

- 19 years, not pregnant 



or nursing) 

0.000662 

Females (13 

+ years, pregnant) 

0.000692 

Females (13 

+ years, nursing) 

0.000824 

Females. (20 

+ years, not pregnant 



• or nursing) 

0.000575 

Males (20 + 

years old) 

0.000523 


Source: https://www.industrydoci nents.ucsf.edu/docs/ntblOOOO 
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ESTIMATES OF UDMH DIETARY RISK 
FOR TfflB U.S. POPULATION 

(interim Q*, = 0.88 mg/kg/day) 


1 

Dietary Exposure 

Dietary 

Commodity 

lu.gz.te/dayj. 

Risk * 

Milk 

0.021068 

1.8 x 10* 5 

Apples 

0.015331 

1.4 X 10' 5 

Red meat 

0.004464 

3.9 X 10* 6 

Cherries". 

0.002772 

2.4 X 10* 6 

Peanuts; 

0.001863 

1.6 X io*; 

Eggs 

0.000290 

2.5 X 10* 7 

Grapes 

0.000261 

2.3 X 10* 7 

Poultry 

0.000252 

2.2 X 10* 7 

Tomatoes; 

0 . 000234 - 0.00234 

2.1 X 10* 7 - 2.1 X 10* 6 

Peaches; 

0.000129 

1.1 x 10* 7 

Pears 

0.000049 

4.3 X 10 *® 

Nectarines 

0.000010 

8.8 x 10* 9 

TOTALS 

0.046715 

4.1 X 10* 5 


+[0.009500 estimated metabolic 

UDMH from daminozide] 0.84 X 10‘ 5 

4.9 X 10* 3 

* Refer to II.C.3.b. "Uncertainties that Could Overestimate 

the Risk (2-3)". 






Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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The following Table *• . presents the average daily 

total dietary exposure to daminozide and UDMH, respectively, for 
various age groups to demonstrate the differences in dietary 
exposure. ~ 


TAS ESTIMATES OF AVERAGE 

DAILY EXPOSURE 

TO UDMH FOR SELECTED 

AGE SUBSETS 

Subset 

Exposure 

(Age and Other) 

(mg/kg/day) 

AVERAGE (U.S. POPULATION) 

0.000047 

Nursing infants (<l year old) 

0.000229 

Non-nursing infants (<l year old) 

0.000410 

Children (1-6 years old) 

0.000138 

Children (7 - 12 years old) 

0.000071 

Males (13 - 19 years old) 

Females (13 - 19 years, not pregnant 

0.000042 

or nursing) 

0.000034 

Females (13 + years, pregnant) 

0.000027 

Females (13 + years, nursing) 

Females (20 + years, not pregnant 

0.000037 

or nursing) 

0.000023 

Males (20 + years old) 

0.000025 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Oi 

liable i describes the average incremental risk for 
individuals who belong to any of the three subgroups for which 
dietary exposure was estimated. Annual risk was calculated by 
multiplying the average residue contribution for each subgroup by 
the interim cancer potency factor (Q*l = 0.88 (mg/kg/day)*) and' 
then dividing the calculated risk by 70 lifetime years. 


ESTIMATES OF RISKS 

TO SELECTED AGE SUBSETS AMD THE GENERAL POPULATION 
FROM ONE YEAR EXPOSURE TO UDMH 


Subset. Dietary Annual 

(Age and Other) Exposure Risk 

_ rmq/kg/dav} 

Nursing infants (<l year old) 

Non-nursing infants (<1 year old) 

Children (1-6 years old) 

AVERAGE LIFETIME RISK TO 
THE GENERAL POPULATION FROM 
ONE YEAR EXPOSURE 

2 . Nondietary risks 

The exposure estimates discussed in section II.B.2. are used 
as a basis for estimating non-dietary carcinogenic risk. The 
Agency assumed that the cancer potency factor for the dermal 
route of exposure is equivalent to that for the dietary route 
(0.88) and that the length of lifetime exposure is 35 years 
worked/70 years lived. To calculate non-dietary carcinogenic 
risk from exposure to UDMH, the Agency used the following 
equation: 

UDMH risk - UDMH exposure x 35/70 x Q^fO.SS (mg/kg/day)*’) 

Based on this calculation, the carcinogenic risks from worker 
exposure to UDMH is tabulated in Table 18. 


0.000229 

0.000410 

0.000138 


0.000047 


2.9 X 10‘ 6 
5.2 X 10* 6 
1.7 X 10* 6 


5.9 X 10' 7 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 






Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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EPA Moves to Reassess 
the Risk of Dioxin 

Urged, on by the scientific community, EPA is developing a 
new model for estimating dioxin’s risk 


• Galvanized by the results of a recent 
scientific meeting on dioxin’s molecular ac¬ 
tions, Environmental Protection Agency 
(EPA) administrator William K. Reilly has 
launched a major new effort to reassess the 
j toxicity of this ubi quitous—and infamous— 

| chemical. 

‘ Responding to criticism that the model 
EPA now uses to assess dioxin’s risk is obso- 
, lete, Reilly has asked agency scientists to 
come up with a new “biologically based” 

; model that will draw on an emerging under- 
' standing of the first steps that take place as 
I dioxin enters a cell (for example, see pages 
; 924 and 954). Reilly and others call the new 
I effort “precedent -setting” not only for how 
! the agency regulat es carcinogens but also for 
EPA’s quick response to new scientific devel¬ 
opments—not its strong suit in the past. 

1 Until now, EPA has gauged the risk of 
dioxin exposure by using the same model it 
i applies to most carcinogens: the linear mul- 
1 tistage model, which assumes that risk rises 
' in proportion to dose. Agency officials have 
; long viewed the model as 'a “default”—one 
adopted for lack of a real understanding of 
; how carcinogens work—and their intent 
! was always to replace it with something 
; more realistic once mechanisms were under- 
i stood. But so far, they say, such evidence has 
been lacking. Now it may at last be in hand, 
at least for dioxin and perhaps a handful of 
! other chemicals that behave similarly. 

; The turning point came in an 8 March 
; briefing for Reilly and his top deputies given 
by three agency scientists: William Farland 
and Peter Preuss, both at EPA headquarters 
in Washington, D.C., and Linda Birnbaum 
of EPA’s Health Effects Research Labora- 
| torv in North Carolina. Part of the briefing 
; was devoted to recent epidemiologic srud- 
; ies, including the new one by Marilyn 
| Fingerhut of the National Institute for Oc- 
; cupational Safety and Health (NIOSH), 
which found perhaps the strongest link yet 
between high doses of dioxin and human 
| cancer (seeScience, 8 February, page 625). 

' The EPA scientists also discussed a reanaiysis 
of data from a 1.976 study of cancer in 
1 dioxin-exposed rats that figured heavily in 
' EPA's original risk assessment. After re- 
t examining the original slides of liver tissue, 

! investigators have concluded that the ani¬ 


mals developed fewer tumors than was origi¬ 
nally believed. 

But it was Birnbaum and Farland’s de¬ 
scription of a meeting last November at the 
Banbury Center at Cold Spring Harbor 
Laboratory that Reilly says 
made the most compelling 
case for change. At that 
meeting a group of dioxin 
experts agreed that before 
dioxin can cause any of the 
ill effects it has been linked 
to—cancer, immune system 
suppression, chloracne, and 
birth defects—one “neces¬ 
sary but not sufficient” 
event must occur: the com¬ 
pound must bind to and 
activate a receptor, known 
as the aryl hydrocarbon or 
AH receptor (see Science, 

8 February, p. 625). After 
that, the dioxin-receptor 
complex is transported to 
the nucleus, where it binds 
to specific sequences of 
DNA and turns genes on and off, thereby 
causing its myriad effects. It had long been 
known that dioxin binds to a receptor, but 
before the Banbury meeting it had been 
unclear whether all of dioxin’s effects or just 
some were mediated this way. 

The Banbury group also agreed that di¬ 
oxin has to occupy a certain number of AH 
receptors on a cell before any biological 
response can ensue. The result is a practical 
“threshold” for dioxin exposure, below 
which no toxic effects occur. That conclu¬ 
sion flies in the face of the linear model’s 
underlying assumption: that the risk of 
harmful effects begins with exposure to a 
single molecule and increases from there. 
Faced with this new picture of dioxin’s ac¬ 
tion, the Banbury participants urged EPA to 
develop a new, receptor-based model for 
dioxin risk assessment. 

Reilly bit. He has now asked scientists in 
EPA’s Office of Research and Development, 
in collaboration with academic researchers 
around the country, to come up with just 
such a model. The goal, explains Michael 
Gallo of the Robert Wood Johnson Medical 
School, one of the organizers of the Banbury 


meeting who is now working with EPA, is 
to pinpoint the threshold or “safe” dose 
below which none of dioxin’s ill effects 
should occur. 

In building the model, Gallo and his EPA 
colleagues hope to draw on work on the 
dioxin receptor now under way in a number 
of labs around the country. In this issue of 
Science , for example, a group headed by 
Oliver Hankinson of the University of Cali¬ 
fornia at Los Angeles reports on the cloning 
of a protein that is necessary for the receptor 
to function. Various roles have been pro¬ 
posed for the new protein; one intriguing 
possibility is that it is part of the receptor 
itself. The dioxin receptor thus might contain 
at least two proteins, one 
that binds to dioxin (and 
presumably whatever natu¬ 
ral molecule dioxin mimics) 
and another that binds to 
DNA. “Boy, is that excit¬ 
ing,” says Gallo, who adds 
that the new findings will 
feed direcdy into the model. 

Until the model is com¬ 
plete, no one can say for sure 
whether it will show dioxin 
to be more or less risky than 
EPA now calculates, though 
Gallo and others speculate 
that it will turn out to be less 
risky. One of the major ques¬ 
tions is how close the pre¬ 
sumed “safe” dose is to the 
background levels of dioxin 
to which the general popuia- 
don is exposed. If background exposure is 
already near the “safe” dose, then there may 
not be much room for additional exposure. 

Those background levels are largely un¬ 
known, so Reilly has added that question to 
the EPA scientists’ assignment. Over the 
next year Birnbaum and other EPA scien¬ 
tists, in collaboration with researchers from 
NIOSH, the Centers for Disease Control, 
and the Air Force, hope to get a fix on blood 
levels of dioxin and the handful of polychlo¬ 
rinated biphenyls that behave similarly and 
thus could increase its risk. Meanwhile, 
other researchers will be studying the 
sources and routes of dioxin exposure— 
most of which are dietary—and how it is 
passed up the food chain. 

Reilly wants the new model and related 
work complete within a year, at which time 
the results will go on to EPA’s Scientific 
Advisory Board (SAB) for peer review. Three 
years ago, the SAB sent EPA scientists back 
to the drawing board when they tried to 
revise the dioxin standard, saying the sci¬ 
ence wasn’t sound enough. Birnbaum and 
other EPA researchers predict a different 
outcome this time. ■ Leslie Roberts 

NEWS Sc COMMENT 911 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 



Key mover. Linda Birnbaum 
had been urging EPA to 
change how it does dioxin 
risk assessment 
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US government orders new look at dipxifl e 4159 ' 

| OR. TERRI DAMSTRA 

The Environmental Protection Agency is evaluating data from the past decade that suggest dioxin’s toxicity 
may be overestimated. A risk assessment model based on biological mechanism is being drawn up. 


Dioxin is widely thought of in the United 
States as the most toxic chemical known 
to man. As a component of the infamous 
Agent Orange that the US used to defoli¬ 
ate the jungles of Vietnam, after the war 
dioxin was blamed for cancer in service¬ 
men who saw duty there. Although com¬ 
pensation was finally offered, neither solid 
epidemiological nor biological proof of 
cause and effect has been conclusively 
demonstrated. 

When a chemical plant exploded at 
Seveso, Italy in 1976, spewing dioxin- 
contaminated agents imo the air, it was 
feared (and assumed)' that the exposed 
citizens of the town would experience 
increased cases of cancer and/or birth 
defects. In fact, severe chlorachne was 
reported but, fortunately, more life-threat¬ 
ening diseases were not. 

When, in 1982, the soil in the small 
town of Times Beach, Missouri was found 
to be contaminated by dioxin at levels 
around i part pier million, US government 
officials closed the town down perma¬ 
nently and evacuated its 2,000 residents 
to safer ground across the river. Nearly a 
decade later, clean-up work is still going 
on. Someday, when the soil is incinerated 
and the buildings are all tom down, Times 
Beach may be turned into a park. 

Over the years, hundreds of millions 
of dollars have been spent getting rid of 
dioxin, which lias earned its reputation as 
akiilerbecause it is highly carcinogenic in 
guinea pigs and and causes birth defects 
in mice exposed to small concentrations 
of2,3,7,8-tetraehlorodibenzo-/?-dioxinor 
TCDD. 

Now, into this politically charged arena 
comes William K. Reilly, the head of the 
US Environmental Protection Agency, 
saying that dioxin may not be so excep¬ 
tionally toxic after all. During the past 
several years, data in humans has accu¬ 
mulated that question the validity of ex¬ 
trapolating TCDD data from guinea pigs 
to man. Reilly has called for a total re- 
evaluation of dioxin in all of its many 
chemical forms (there are 75 or so). 

It takes a brave man to put scientific 
evidence ahead of deeply ingrained pub¬ 
lic opinion. The last time a federal official 
suggested that dioxin standards could be 
relaxed was in 1989 w'hen Vernon Houck 
of the Centers for Disease Control in At¬ 
lanta advised the state of Georgia about 
water standards. Shortly thereafter, he was 
subjected to a congressional inquiry into 
his possible bias toward the paper indus- 
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try which puts dioxin-contaminated 
wastes into streams after bleaching pulp. 
Houck stood his ground, testifying that 
“new information indicates that we 
should be less concerned than we once 
were/’ 

In March of this year, Reilly and other 
top EPA officials received a briefing on 
dioxin that Reilly credits for his change of 
mind. First, his advisers reported an un¬ 
usual consensus from a recent dioxin con¬ 
ference at the Banbury Center at Cold 
Spring Harbor, New York. Researchers 
agreed that the toxicity of TCDD depends 
upon its binding with the aromatic hydro¬ 
carbon receptor, or Ah. Most to the point, 
they agreed that receptor binding medi¬ 
ates TCDD toxicity in virtually every test 
system studied, and that receptor binding 
needs to occur in thousandsofeeiis, though 
the dividing line between safe and toxic 
concentrations is not known. 

Nevertheless, this observation leads 
directly to Reilly's conclusion that ‘‘work 
should begin on a new biologically-based 
model for assessing the toxicity of di¬ 
oxin." Until now, the Environmental Pro¬ 
tection Agency has relied on the standard 
linear multistage model that predicts no 
threshold of safety. Based on this model, 
US standards for exposure to ‘back¬ 
ground' levels of dioxin that is in the 
environment are stringent: .006 picograms 
per kg body weight per day for intake 
from food or water, for instance. Interest¬ 
ingly, Canadian and European scientists 
generally have not accepted the US posi¬ 
tion that dioxin is the most toxic chemical 
around. Conservative estimates put a safe 
dioxin intake at 1 picogram per kg per 
day, while more liberal standards go as 
high as 10 picograms per kg. Although no 
changes in US regulations have been put 
forward, it is likely that the US will move 
in the direction of its neighbours abroad. 

A second bit of data that Figured in 
Reilly’s request for a new look at dioxin 
comes from a large epidemiological study 
reported in the 24 January issue of The 
New England Journal of Medicine. Re¬ 
searchers at the US National Institute for 
Occupational Safety and Health in Cin¬ 
cinnati, Ohio, conducted a retrospective 
mortality study of 5,172 workers at 12 
chemical plants that produce agents in 
v/hich TCDD is a contaminant. Their con¬ 
clusions: “Mortality from several cancers 
previously associated with TCDD (stom¬ 
ach, liver, and nasal cancers, Hodgkin's 
disease and non-Hodgkin's lymphoma) 


was not significantly elevated in this co¬ 
hort. Mortality from soft-tissue sarcoma 
was increased but not significantly." 

Government scientists, working with 
colleagues in universities, have been asked 
not only to develop a biologically based 
or receptor model, but also to construct a 
plan devaluating the new epidemiologi¬ 
cal data so that any new standard-setting 
regulations encompass the new data as a 
whole. March of 1992 is the target date for 
completion of the work. 

Environmental Protection Agency sci¬ 
entists seem to be fully aware that they are 
entering dangerous territory; Even though 
data may exonerate dioxin somewhat, it 
remains a toxic contaminant of the envi¬ 
ronment that has no compensating ben¬ 
efit. Furthermore, a reassessment of dioxin 
has obvious implications for related 
polychlorinated biphenyls. Ultimately, it 
could lead to a biologically based model 
for any agent or group of agents for which 
toxicity is understood at a mechanistic 
level. 

That the government must proceed 
carefully, and openly, is vital. Reilly has 
promised independent scientific review, 
which is certain to be subject to harsh 
scrutiny by groups committed to the view 
that the only acceptable risk is no risk at 
all. Over the years, this has become the 
unstated goal of many groupsin the United 
States, but with science's ability to mea¬ 
sure chemicals at ever smaller concentra¬ 
tions, it becomes crucial to rank toxic 
compounds in some sensible orderof haz¬ 
ard. As Reilly has noted, “There simply 
are more anxieties than we can possibly 
create laws to alleviate, and far more risks 
than resources to eliminate them." 

There is no doubt that a decision to 
declare dioxin less hazardous will be pain¬ 
ful, particularly to the people at Times 
Beach and elsewhere whose lives have 
been so totally disrupted. At the time steps 
were taken to evacuate the town, the 
decision was entirely in keeping with 
scientific data available. Human data were 
scarce. It was thought prudent to rely on 
animal data and they made a strong case 
forjudging dioxin to be unusually toxic. 
Although researchers may be comfort¬ 
able with the idea that new judgements 
should correctly follow new data, 
h remains a difficult concept for the 
public. 

Nevertheless, it is time to set priorities, 
even if it is politically treacherous. 

Barbara J. Culliton 
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Dioxin Toxicity; New Studies 
Prompt Debate, Regulatory Action 

New data on dioxin’s effect on humans, a dearer picture 
of the ceiiuiar events it precipitates, and new animal toxicity studies 


may provide EPA with a 


David J. Hanson, C&EN Washington 

Of all the chemicals that have been tossed into the cal¬ 
dron of public anxiety, 2,3,7,8-tetrachlorodibenzo-p-di- 
oxin, TCDD, has achieved the most notoriety and 
evoked the greatest fears for the longest period of time. 
1 Beginning with herbicide use during the Vietnam War, 

propelled by Love Canal and Times Beach, and sus¬ 
tain^ by reports of contamination from city incinera¬ 
tors and paper mills, TCDD essentially defines chemi¬ 
cal contamination for most people. 

TCDD was first implicated as the culprit responsible 
for illnesses among chemical industry workers who 
produced 2,4,5-trichIorophenoL However, the chemical 
was thought to be only of industrial concern until the 
mid-1970s. In 1976, an explosion at a chemical plant 
spread from 1 to 4 lb of TCDD over the residents of the 
town of Seveso, Italy. High TCDD levels were recorded 
in people from the area. Shortly afterward, many Viet¬ 
nam veterans began wondering if their range of illness- 
| es coiiid have been caused by exposure to the herbicide 

agent orange which vas known to be contaminated 
with TCDD. 

When TCDD was found to be part of the highly re¬ 
ported and emotionally charged hazardous-waste leak¬ 
age that resulted in evacuation of the community of 
Love Canal, Niagara Falls, N.Y., in 1980, and evacuation 
■ and purchase by the federal government of the entire 

! town of Times Beach, Mo., in 1983, it became firmly im- 

pres«Ki in people's minds that here was a chemical prob- 
i lem of elephantine proportions. But just as the four blind 

men each described an elephant differently because they 
wen? each touching different parts of the animal, so dif¬ 
ferent scientists, government officials, corporations, and 
environmental activist groups describe the^ hazards of 
TCDD differently. It is only recentlyrthat a clearer pic¬ 
ture of this creature has emerged, and while it may not 
be the mammoth once believed, it is no mouse either. 

Several events have come together over past months 
that have helped focus the picture. One is a symposium 


firmer basis for regulation 


Receptor-mediated TCDD action 
requires several steps 


i.TCDD attaches to 2. Several activated complexes attach 

Ah receptor and to specific site on DNA before 

translocating protean messenger RNA is transcribed 



3. Messenger RNA carries cod© for 
cytochrome PA501A1 or other enzymes 


In the cell, 2,3,7,S-tetracbforodiben20-pKiioxin (TCDD) binds 
strongly to a soluble intracellular protein designated the Ah 
(for aryl hydrocarbon) receptor, which then binds to a trans¬ 
locating protein that carries the “activated complex” into 
the cell nucleus. Several activated complexes bind to spe¬ 
cific DNA sequences, distorting the DNA chain. Ensuing 
events lead to transcription of messenger RNA that codes 
for cytochrome P4501A1 or other enzymes 


held at the Banbury Center at Cold Spring Harbor Labo¬ 
ratory, New York, in October that took a critical look at 
the state of the molecular science of TCDD. The conclu¬ 
sions reached there are extending far beyond research 
laboratories. Another is the release of significant epide¬ 
miological research data involving people exposed to 
TCDD aimed at determining whether or not they are 
suffering illnesses as a result. The Environmental Protec¬ 
tion Agency, some say in response to these events, has 
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News Focus 


und.eitaken an important review o£ TCDD toxidty that 
may lead it to change its policies on carcinogenicity. 

Much of TCDD's dreadful image stems from its label 
as "the most toxic synthetic chemical known to man." It 
is widely conceded that this label is attributable to ear¬ 
ly research that found that as little as 0.6 Mg per kg body 
weight could kill 50% of guinea pigs exposed to TCDD. 
Research by Dow Chemical scientists in 1978 found 
that the chemical was also a potent carcinogen in rats. 
These facts, repeated in virtually all newspaper and 
television reports about TCDD, made the chemical the 
most feared of ail contaminants. 

Subsequent decisions to lower TCDD concentration 
in the environment led to the banning of products such 
as 2,4,5-trichlorophenoxyacetic add, a herbicide con¬ 
taminated with TCDD. Production of other products, 
especially those that used 2,4,5-trichlorophenoi as a 
precursor, was stopped. When it was discovered that 
municipal and hazardous-waste indnerators were large 
sources of TCDD in the environment, new controls 
were implemented to limit TCDD emissions. Use of 
leaded gasolines was also found to be a prime source of 
environmental TCDD, and EPA's phaseout of leaded 
gasoline has also resulted in reduced emissions. 

Based on its current risk assessment model, EPA has 
calculated that the tolerable daily intake of TCDD for 
humajts is 0.006 picograms per kg body weight per day. 
This level would supposedly result in a one in 1 mil¬ 
lion ciiance of excess cancer from TCDD. But this level 
is far, far below the 1 to 3 picograms per kg body 
weight per day that people are estimated to be actually 
ingesting. Other nations, using different risk assess¬ 
ment models, have calculated the tolerable intake level 
much higher.! Germany uses 1 picogram, the Nether¬ 
lands 4, and Canada and the World Health Organiza¬ 
tion use 10 picograms per kg body weight per day. 

Because health problems associated with TCDD expo¬ 
sure first came to light as the result of chemical indus¬ 
try accidents in the 1950s, the industry has always been 
a target of blame for environmental contamination. 
Dow Chemical, Monsanto, and six other chemical com¬ 
panies that made agent orange for the federal govern¬ 
ment during the Vietnam War were the defendants in 
a major lawsuit that was settled when the companies 
agreed to pay SI80 million to vet¬ 
erans^ claiming illnesses resulting 
from exposure to the herbicide. 

TCDD has subsequently been at 
the root of thousands of injury 
lawsuits, including cases filed by 
people who lived at Times Beach 
and Love Canal. 

A significant decision was 
handed down this summer when 
the Illinois Appellate Court of the 
5th District overturned a SI 6.25 
million punitive damage verdict 
against Monsanto (C&EN, June 24, 
page 61. The jurors had found no 
injuries among people claiming to 
have been injured by dioxin expo¬ 
sure following a train accident, 
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but decided to punish Monsanto anyway. The a vpe-ils 
court judges ruled that if there are no injuries, j* 'Nve 
damages cannot be exacted. A request to have . ..ap¬ 

peal reheard was also rejected. 

Some attorneys specializing in personal injurv cases 
believe this decision may be a turning point forTCDD 
and other chemical injury cases. David G. Owen, law 
professor .at the University of South Carolina, for in¬ 
stance, says: "The decision may stand as a declaration or 
judicial intolerance to the use of courtrooms as arenas 
for subjecting U.S. industry to political and ideological 
persecution." 

David Snively, litigation counsel for Monsanto, has 
already seen an actual drop-off in dioxin litigation. The 
company ceased making chlorinated phenols a decade 
ago, and Snively says about the only relationship Mon¬ 
santo now has with TCDD is some research. "There has 
been a fall-off in litigation involving Monsanto, and we 
have no active lav/suits," he says. He has noticed that 
new lawsuits seem to be cropping up in the paper and 
pulp industry. 

The paper industry was surprised in 1985, when 
TCDD was discovered in the effluent and sludge from 
paper mills. It was found that chlorine bleaching of the 
pulp caused TCDD formation. Claims soon arose that 
TCDD was leaching into children's milk cartons, and 
EPA found itself faced with a lawsuit brought by the 
National Wildlife Federation and the Environmental De¬ 
fense Fund demanding regulation of TCDD in the mill 
effluent. 

Although concerns about human health h. ..rds 
from paper products have subsided, the environmental 
concerns have spurred paper manufacturers to treat ef¬ 
fluents to reduce TCDD and to look into process chang¬ 
es to decrease TCDD production. The industry uses 
about 14% of all chlorine produced in the U.S. and con¬ 
centrations of TCDD in the effluents are in the parts- 
per-quadriiiion range. The Chlorine Institute, whicr 
represents the chlor-alkali industry, is very worries 
about this problem, but maintains that the parts pe 
trillion and lower concentrations of dioxins and furan 
generated by papermaking do not pose a health or en 
vironmental threat. 

However, the Chlorine Institute was one of the spon 
sors of the Banbury Center meet¬ 
ing. The conference, which 
brought together 38 invited scien¬ 
tists from the U.S. and Europe, was 
actually the second meeting held 
to discuss TCDD; the first was in 
1985. In addition to the Chlorine 
Institute, the meeting was cospon¬ 
sored by EPA and FDA. All scien¬ 
tific aspects of the issue were laid 
out at the conference, and by the 
end, there was some general agree¬ 
ment on several issues. 

Michael A. Gallo, assoria in 

of research at the Robert „od 
Johnson Medical School in New 
Jersey, was one of the conference 
organizers. "We met for four days 
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and we reviewed ail the science, 
and we reviewed a lot of the math¬ 
ematical and biological models that 
went into it. We came away with 
the idea that the primary events in 
and around dioxin were related to 
this thing we call the Ah receptor." 

Gallo says the meeting did clarify 
the scientific issues in that "it 
helped focus the thought patterns 
of where a lot of people want to go 
over the next year, and I think it 
focused where [EPA Administra¬ 
tor] Bill Reilly and EPA have to put 
their energies." 

Overshadowing everybody's 
concern over TCDD is that, despite 
the compound's obvious toxicity to 
animals, no clear-cut human health 
problems were associated with 
TCDD exposure, even though a 
number of human exposure inci¬ 
dences were known. Epidemiolog- Houk: improv 

ic studies undertaken to identify 
any major health problems always 
had so many shortcomings that researchers could not say 
whether TCDD had an effect or not. This year two stud¬ 
ies have brought the answer closer. 

The Air Force Ranch Hand study, begun in 1978, is 
the oldest study of people heavily exposed to TCDD 
and the most controversial. An ongoing study, it con¬ 
tinues to draw severe criticism. Study participants are 
members of Operation Ranch Hand, the group that ac¬ 
tually handled and sprayed agent orange over the 
fields and forests in Vietnam from 1962 to 1971. Agent 
orange was used to defoliate forests and kill some crops 
in Vietnam for the protection of U.S. forces. It was a 50- 
50 combination of the herbicides 2,4,5-T and 2,4-D and 
was contaminated with about 2 ppm or less of TCDD. 
The original study involved 1242 Rand Hand person¬ 
nel, although the actual number of participants varies 
somewhat from examination to examination. 

The strongest critic of the Ranch Hand studies has 
been the American Legion, which represents U.S. vet¬ 
erans who served in Vietnam. The American Legion 
says the Ranch Hand studies are not designed well 
enough to see excess diseases because of too few partic¬ 
ipants and that the classification for exposure was im¬ 
properly done. It further charges that the Air Force has 
actually suppressed adverse health effects findings. De¬ 
spite the Air Force's claims of no significant illness such 
as cancer or reproductive effects, the legion, with back¬ 
ing from some researchers it has supported to do its 
own reviews, believes the Ranch Hand personnel have 
suffered from TCDD exposure. 

No one has doubted that those in the Ranch Hand 
study were exposed to TCDD. In the Air Force's latest 
report, issued in March, the blood levels of TCDD were 
measured in 866 Ranch Hand veterans and 804 compar¬ 
ison veterans for the first time, and those levels were 
correlated to any health effect they could find. Values 
for TCDD in'blood serum ranged from 0 to 618 ppt in 
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Ranch Hand personnel, but the 
median value was 12.8. Median 
value of the comparison group 
was 4.2. Aside from some other, 
very minor correlations, the report 
found a significant increase in 
body fat and diabetes that correlat¬ 
ed with TCDD concentration. 

This was a surprise, according to 
William H. Wolfe, chief of the ep¬ 
idemiology research division of 
Armstrong Laboratory at Brooks 
Air Force Base in Texas, which is 
the lab responsible for Operation 
Ranch Hand. "This obviously 
needs a closer look," Wolfe says. 
"We are doing another examina¬ 
tion of the same group starting 
early next year. We are changing 
and extending our physical exam¬ 
ination tests to look critically at 
the diabetes and to get more an- 
ik assessments swers." Wolfe adds that this find¬ 

ing, while serious, did not get 
much attention perhaps because 
"it is not one of the diseases that people had a vested 
interest in." The American Legion criticisms of the 
March Ranch Hand report did not even mention the 
diabetes finding. 

Wolfe admits that some of the criticisms of the Ranch 
Hand study are valid. The small sample size is a problem 
for identifying increases in diseases like rare cancers. 
"These limitations were all laid out at the beginning," 
Wolfe says; "we just got all the Ranch Handers there 
were." Statistically, he says, "the study has only a 50% 
ability to detect a doubling of rare cancers like soft tissue 
sarcoma. And that's too low." For detecting a rise in ail 
cancers, the odds are better. "If we take all cancers to¬ 
gether, we have a 90% chance of detecting a 50% in¬ 
crease," he says. 

The complaints that data have been deliberately 
withheld axe groundless, Wolf says. He points out that 
all the data go through a review committee that makes 
recommendations for additions or changes, which are 
taken care of before the report goes to the Surgeon 
General. Given the advisory committee oversight, 
Wolfe does not see how data could be left out, especial¬ 
ly since Sen. Tom Daschle (D.-S.D.), concerned that the 
Ranch Hand study might be getting inappropriate ad¬ 
vice, changed the board composition so that 30% of its 
members were nominated by veterans groups. 

One of the most emotional issues of TCDD has fol¬ 
lowed in the wake of the Ranch Hand study. That is, 
whether other soldiers who served in Vietnam suffered 
from exposure to agent orange and the dioxin that con¬ 
taminated it. Study after study by the government have 
shown that men and women serving in Vietnam were 
not exposed to high levels of TCDD. The Centers for 
Disease Control tried more than once to find a correla¬ 
tion between Vietnam service and health problems or 
blood serum dioxin concentrations and could not tind 
one. The Department of Veterans Affairs also has stud- 
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ied veterans and concludes that 
agent orange caused no health 
problems. 

The most recent report came 
from Han K. Kang, head of the 
Office of Environmental Epide¬ 
miology at DVA. Published in 
March, Kang's study measured 
blood serum TCDD levels in 36 
veterans who, from as best as 
could be determined from 
records of agent orange spraying 
and troop positions, might have 
been exposed to the herbicide. 

"We tried to come up with an ex¬ 
posure assessment based on 
this/' Kang says. "We couldn't 
find any increased exposure. The 
difference between their body 
burdens of TCDD was not signif¬ 
icant" compared with the control 
group. Kang says DVA is fin¬ 
ished with efforts to determine 
TCDD levels in Vietnam veter¬ 
ans. "We have done all we can in 
dealing with the veterans/' he 
says. "We are satisfied with the conclusion that there is 
no significant elevation in TCDD levels." 

One striking finding by Kang is that the body bur¬ 
den of TCDD in the population appears to be falling. 
The samples he measured were collected in the early 
1970s by the National Human Adipose Tissue Monitor¬ 
ing Prog ram. Kang reported mean background levels of 
about 12 ppt for these samples. More recent work, such 
as that done by CDC, found background levels of 
TCDD ai: 5 to 7 ppt. "We are speculating that the envi¬ 
ronmental TCDD levels are going down, for whatever 
reason. Other countries, like Sweden, have also report¬ 
ed that organic compounds, including TCDD, are de¬ 
clining/' Kang says. 

Another reason DVA does not feel it needs to do 
more studies is a change in administrative policy made 
in 1990 by Secretary Edward J. Derwinski. In response 
to a lawsuit filed in California, the department has be¬ 
gun offering compensation to Vietnam veterans who 
suffer from diseases thought to be caused by agent or¬ 
ange exposure, even though no such link has ever been 
proven. The diseases currently accepted are soft tissue 
sarcoma, non-Hodgkins lymphoma, and a nerve prob¬ 
lem called peripheral neuropathy. 

The epidemiology study likely to carry the most 
weight in the TCDD discussion was published in Janu¬ 
ary by Marilyn Fingerhut and her colleagues at the Na¬ 
tional Institute for Occupational Safety & Health. Her 
retrospective cohort study of cancer mortality included 
5172 chemical plant workers from 12 companies who 
had worked in areas making products that were contam¬ 
inated with TCDD. Generally they worked at plants that 
produced or used 2,4,5-trichlorophenol. Of these work¬ 
ers, 1052 had died, and the study is based on data on 
their cause of death. Fingerhut also had blood samples 
taken from 253 workers from two plants for measuring 


serum TCDD levels. The part? ‘ 
pants were divided into grc 
that had less than or more thait- 
one year of exposure to TCDD- 
contaminated materials. A sepa¬ 
rate analysis was done of indi¬ 
viduals who were exposed more 
than 20 years ago. 

John C. Bailar III of McGill 
University said in an editorial 
appearing in the same issue of 
the New England journal of Medi¬ 
cine as Fingerhut's study was 
published, "Parties on both sides 
of the continuing debate about 
the regulation of dioxin exposure 
will no doubt cite this work in 
support of their positions." And 
he was right. 

Among the significant conclu¬ 
sions reached by Fingerhut's 
group is that, for the group that 
was exposed to TCDD for longer 
• than a year and with more than 
20 years' latency, deaths from 
cancers of all kinds combined 
were 46% higher than for the general population. 'This 
is an unusual finding for chemical workers," Fingerhut 
explains. "Chemical worker studies to my knowled 
have not shown that. In the few I'm aware of that se< 
excess in all cancers, the excess has been accounted tor 
by a single-site cancer, say lung cancer." Because of the 
problem of multiple exposures to chemicals among plant 
workers, Fingerhut explains, TCDD cannot unequivocal¬ 
ly be said to be the cause for this observation, but "it ap¬ 
pears to us that the most likely explanation is the expo¬ 
sure to chemicals contaminated with TCDD." 

"We showed in this paper a striking correlation be¬ 
tween serum levels of TCDD and duration of expo¬ 
sure," Fingerhut says. Consequently, it will allow fol¬ 
lowup studies to assume that workers of longer dura¬ 
tion will have higher levels of TCDD in their blood. It 
is also of note that, with one exception, the Fingerhut 
study did not find excess cancer deaths from any one 
type of cancer, including non-Hodgkins lymphoma, 
which in the past has been associated with TCDD expo¬ 
sure. The Fingerhut report is inconclusive on the issue 
of TCDEXs causing soft tissue sarcoma. Some say her 
finding of three deaths when less than one was predict¬ 
ed proves the connection. Others say the numbers are 
just too small to be meaningful, "As time goes on, re¬ 
analysis of this study group will be more powerful and 
it may be that the interpretation will become more 
clear," Fingerhut says. 

To Vernon N. Houk, director of the Center for Envi¬ 
ronmental Health & Injury Control at the Centers for 
Disease Control, the issue is mostly decided. "I belr 
that a conservative interpretation of the Fingerhut st 
is that if dioxin is a human carcinogen, which I am as¬ 
suming it is, it is a relatively weak one and is a carcino¬ 
gen only at extraordinary doses." Houk notes that Fin¬ 
gerhut's study agrees with results from the Ranch Hand 
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TCDD antiestrogen effect has tumor-fighting potential 


After more than 30 years of experi¬ 
ence, there is little doubt that 2,3,7,8- 
tetrachlorodiberuo-p^ioxin (TCOO) is a 
dangerous chemical to have in the en¬ 
vironment. Still, approximately 10 years 
Sigo, a few scientists took note of one 
effect of TCDO in rats and have since 
teen pursuing an interesting and poten¬ 
tially valuable line of research. 

As Michael A. Gallo, associate dean 
for research at the Robert Wood 
Johnson Medical School in New Jersey, 
tells it, it all started with a Dow Chemi¬ 
cal study,by Richard J. Kociba, pub¬ 
lished about 13 years ago. The study 
stowed an increase in liver cancer in 
rarts exposed to TCDD, “but at the 
&tme time there was a remarkable de¬ 
crease In, spontaneous breast tumors 
and spontaneous uterine tumors,'' Gal¬ 
lo says. He and others began looking 
into this effect, wondering if TCDD, 
which seemed to be reacting with a 
hormonelike receptor, might be an an- 
Kiestrogetv If rt was, and could some- 
tow be controlled, there was a poten¬ 
tial fa reducing women’s risk of estro- 
(jen-dependent breast cancer. 

Gallo says early tests in mice con- 
finned that TCDO did somehow prevent 


estrogen from doing its job. “One ex¬ 
periment to measure estrogen activity 
is to inject estrogen into an immature 
mouse. The uterus will then mature 
very rapidiy. So you end up with an im¬ 
mature animal with a mature uterus. 
We did it the other way. We injected 
immature animals with TCDD (an anti¬ 
estrogen). The untreated mice went on 
to develop normal uteruses and the an¬ 
imals given TCDO had immature or¬ 
gans." It was dear TCDD was prevent¬ 
ing estrogen from acting. 

There are two ways this might occur. 
The first is that the TCOO-receptor 
complex is actually inducing production 
of an enzyme that metabolizes estradi¬ 
ol. Gallo says there is some evidence 
of this, but that it alone is probably not 
enough to account for TCDD’s ob¬ 
served antiestrogenic effects. 

Gallo and collaborator Steven H. 
Safe, of the department of veterinary 
medicine at Texas A&M University, are 
working on the assumption that the 
TCDO receptor is somehow interfering 
with production of the normal estrogen 
recepta in ceils. “We see changes in 
the messenger RNA fa the estrogen 
receptors," he says. “It's deaeased. 


And the actual estrogen recepta pro¬ 
tein is deaeased after TCOO treatment 
at very low doses." Safe adds that 
“TCDO also seems to block other stim¬ 
ulatory agents that make breast cancer 
cells grow." 

A common drug used currently as a 
palliative breast cancer therapy, tamox¬ 
ifen, has some side effects and, Gallo 
says, about 15% of the patients put on 
the drug become susceptible to tumors 
again after five or six years. “If we had 
a drug that didn't allow the estrogen re¬ 
ceptors to be synthesized in these can¬ 
cer victims, we wouldn't have to worry 
about blocking their action," he ex¬ 
plains. Thus, if TCOO does functionally 
block formation of estrogen receptors, 
there is clinical potential. 

Of course, the toxicity of TCOO is 
such that it would not be used as a 
drug. However, Safe says they have al¬ 
ready synthesized relatively nontoxic 
TCOO analogs to see if those com¬ 
pounds produce the same responses. 
"Other dioxins and dlbenzofurans that 
we've made have less toxicity but they 
still seem to have these potent anties¬ 
trogenic effects. Not as potent as 
TCOO, but still pretty good," Safe says. 


study [n that persons exposed at moderate levels do not 
seem to be having excess cancer mortality. He hopes that 
this, as well as additional research will be used in the fu¬ 
ture to make better risk assessments. 'The federal gov¬ 
ernment has spent more than $400 million to research 
this compound, in addition to what the companies have 
spent. If we don't use that new information to modify or 
support our views on dioxin, then why did we do it?" 

The next body of knowledge coming to bear on 
TCDD's toxicity will be the result of research on ani¬ 
mals and at the molecular level. One of the most signif¬ 
icant realizations of the past few years is that TCDD 
cannot be considered by itself. Molecular biology has 
shown that the action of TCDD in a cell is receptor me¬ 
diated and that there are a number of dioxinlike com¬ 
pounds that can all have toxic effects. 

This receptor-mediated action for TCDD was first dis¬ 
covered in 1976 in Alan Poland's lab at the University of 
Wisconsin, Madison. Poland and others injected low lev¬ 
els of TCDD into animals and found that one of the first 
things that happened was the induction of a particular 
cytochrome P450 microsomal enzyme that oxygenates 
substrates, such as the carcinogen benzofajpyrene, that 
accumulate in fatty tissues. The response depended on 
the dose and had a great deal of potency. Researchers 
also noted that other planar chlorinated dioxins, dibenzo- 


furans, and polychlorinated biphenyls (PCBs) could elic¬ 
it a similar response, although not so strong as TCDD. 

The evidence, found first in chicken embryos and tis¬ 
sue culture, then in rats and other animals, looked like 
classic receptor-mediated transduction, very similar to 
the way steroid hormones are made in cells. The recep¬ 
tor was recognized as a soluble intracellular protein and 
was designated the Ah—for aryl hydrocarbon—recep¬ 
tor. One experiment that clinched the presence of this 
receptor was that mice, inbred to be genetically without 
the receptor, do not respond with enzyme induction 
when treated with TCDD. Although it is impossible to 
say for sure, all evidence points to only one receptor for 
TCDD, one that begins all TCDD cellular activity. 

So TCDD gets into the cell, where it binds strongly to 
the Ah receptor. It was discovered, however, that this 
wasn't enough to generate induction of P450. Subse¬ 
quent research identified another protein, a translocat¬ 
ing factor, necessary for the complex to pass from the 
cytoplasm into the nucleus. This protein has just recent¬ 
ly been cloned by Oliver Hankinson and coworkers at 
the University of California, Los Angeles, department 
of pathology and the Laboratory of Biomedical & Envi¬ 
ronmental Sciences at UCLA. 

Once inside the nucleus, it seems that several—pos¬ 
sibly as many as four or five—of these complexes attach 
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to a specific sequence on the ceils DNA. This, accord¬ 
ing to James P. Whitlock Jr. at Stanford University 
School of Medicine's department of pharmacology, dis¬ 
torts the DNA chain, allowing attachment of other 
binding proteins. These events lead to the transcription 
of messenger RNA that forms the cytochrome P450 or 
other enzymes that might be induced by TCDD. These 
steps, too, are typical of a steroid induction in ceils. 

TCDD is now known to affect several genes. The 
gene for the original cytochrome, which is now called 
P4501A1, and a second cytochrome, P4501A2, are just 
two examples. Others include a gene for glucuronyl 
transferase, giutathion-S-transferase, and aldehyde de¬ 
hydrogenase. Researchers have identified some other 
genes activated by the TCDD complex but have not 
fully characterized the mechanisms yet. 

Although the enzymes these genes produce are not 
believed to have anything to do with TCDD toxicity, it 
is clear that the TCDD complex is the mechanism 
through which TCDD exhibits a toxic effect. Studies 
done with the Ah-receptor-defective mice showed that 
all i:he different toxicities of TCDD measurable in 
mice—chloracne (in hairless mice), porphyria, cleft pal¬ 
ate formation, teratogenesis, even death—were limited 
to the mice that had the high-affinity receptor. Struc¬ 
ture activity: relationship studies also confirm this, ac¬ 
cording to Whitlock. The more potent the ligand for 
the receptor, the more potent the biological response. 
TCDD is the strongest binding of all the dioxins and 
dioxinlike compounds. The conclusion is that all the 
biological and toxic effects of TCDD and dioxin-related 
compounds are mediated through this one receptor. 

Exactly what the receptor is, is still unknown. So far, 
its sfxucture has remained elusive, although some re¬ 
searchers are getting close. Scientists have noted, too, 
that small differences in the receptor occur among spe¬ 
cies. They know these receptors have different molecu¬ 
lar weights, but they don't know what that might mean 
with respect; to affinity for TCDD. The Ah receptor is 
similar to the receptor that induces steroid hormones, 
such as estrogen. Thus, some scientists have put the Ah 
receptor in the same family as steroid hormone recep¬ 
tors, iilthough others are convinced there are differences. 

One scientist working on the receptor model is Ellen 
K. Silbergeld; adjunct professor of toxicology at the Uni¬ 
versity of Maryland, College Park. 'TCDD's interaction 
with this receptor is very powerful/' Silbergeld says. 
"From my perspective, it must be doing something very 
important in normal cell physiology. I take it as an as¬ 
sumption that somewhere there is a natural compound 
that responds to the Ah receptor and transduces a set of 
events very important in normal cells." Silbergeld and 
other researchers point out that toxicology research has 
often found the unnatural ligand for receptors before it 
finds the natural compound. Some scientists believe that 
finding this endogenous ligand, which TCDD apparent¬ 
ly mimics, for the Ah receptor will be a central issue for 
TCDD research. The receptor was found for opiates be¬ 
fore the body's own endorphins were discovered, for ex¬ 
ample. 

Tlie very high specificity that TCDD and other dioxin- 
like compounds have for the Ah receptor is key to the 
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development of what is called toxicity equivalents> E 
cause other dioxins, dibenzofmans, PCBs, even r 

logenated naphthalenes bind to the receptor an Jiu 
cytochrome P4501A1, it is assumed that they can cau 
the same range of toxic effects as TCDD. Because TCC 
has the strongest affinity, it is given a toxicity equivaie 
cy factor of 1, and all others are being compared to 
EPA has adopted a list of factors for calculating toxicin 
of these mixtures of compounds. For instance, a pe 
tachlorodibenzo-p-dioxin with four of its chlorines 
the 2,3,7, and 8 positions is given a value of 0.5. C 
tachlorodibenzo-p-dioxins have a toxic equivalency 
zero. 

The implications for measuring health effects of i 
these chemicals in humans and animals is significant, 
means that no longer can TCDD really be consider* 
alone, but only as part of a potential problem. Accor 
ing to Linda S. Bimbaum, director of the environme. 
tal toxicology division of the EPA Health Effects R 
search Laboratory in Research Triangle Park, VC 
'There are suggestions that copianar PCBs may be, 
fact, responsible for much of the toxicity equivalency 
human serum. In other words, in industrialized cou; 
tries, the background level of TCDD in people may \ 
7 ppt, and if you add the toxic equivalencies of all tf 
other dioxins and furans, it gets up to about 30 ppt. 
you now add the toxicity equivalents of all the PCE 
you might say that people are actually walking arour 
with 100 ppt of dioxin equivalents in their body." 

While arguments will persist on what toxi Tec 
these levels of contaminants have on people, t. J .aj 
already significant data on their effects on fish an 
wildlife. Philip M. Cook of the EPA Environmental R* 
search Laboratory in Duluth, Minn., reports that trot 
in Lake Ontario have an average of 35 ppt TCDD. Riel 
ard E. Peterson at the Environmental Toxicology Cent* 
and School of Pharmacy at the University of Wisconsi: 
Madison, reports that concentration of 65 ppt TCDD 
eggs of lake trout can cause 50% mortality. Peters* 
says newly hatched lake trout exposed to TCDD in t 
egg stage are the most sensitive to the lethal effects 
TCDD compared to any mammal, bird, or fish spec, 
ever investigated. Cook says, though, that TCDD co 
centrations were higher in the past. 'The tendency h 
been for the concentration [in fish] to come down," r 
says. There are no archived fish samples for compar 
son, but Cook guesses peak concentrations occurre 
sometime in the 1960s. This observation agrees wit 
the finding by Kang that TCDD levels in humans ma 
be dropping too. 

One of the problems facing EPA is how to measu: 
the buildup of TCDD in organisms as the contaminar 
moves up the food chain. The agency presently a: 
sumes a bioaccumuiation factor of 5000 for TCDD ie\ 
els in water. This may be too low, argues Peter deFur, 
scientist working for the activist organization Enviror 
mental Defense Fund, who says EPA is using old dat. 
EDF recommends that the factor be raised to 
50,000. On the other hand, Cook says their h. *st 
mate for bioaccumuiation of TCDD in Lake Ontar: 
trout is on the order of 160,000. 

Though death is obviously the worst biological effe* 
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of TCDD and dioxinlike com¬ 
pounds, other problems are seri¬ 
ous as well. Cook says the levels 
of TCDD in Lake Ontario are 
probably leading to a lack of nat¬ 
ural reproduction in fish. At the 
U.S. Fish & Wildlife Service in 
East Lansing, Mich., Timothy 
Kubiak is investigating the re¬ 
productive effects of TCDD on 
mink, the species most sensitive 
to the compound after guinea 
pigs. He says by examining the 
toxicity of each of the individual 
congeners in mink, and, depend¬ 
ing on several factors, TCDD 
may contribute to only about 5% 
of the total toxicity, most of 
which comes from PCBs. Mink 
are a good species to study, Kubi¬ 
ak adds, because their sensitivity 
makes them a good sentinel for 
changing concentrations of pol¬ 
lutants. 

One toxic effect may be sexual 
aberrations in birds and animals from exposure to diox¬ 
in like compounds. Theo Colbom of the World Wildlife 
Fund in Washington, D.C., is monitoring research on the 
effects of organochiorine compounds on wildlife, and 
she says that researchers are reporting instances of her¬ 
maphroditic offspring, such as male birds with oviducts, 
and abnonnal female-female pairings of birds. Coibom 
contends that this is happening because TCDD and the 
dioxirtlike compounds are messing up the estrogen re¬ 
ceptors on developing embryos at critical times. "One 
dose of TCDD to rats on day 15 of pregnancy, that's 
about when sexual differentiation occurs, found a dose 
response in demasculinization and feminization of male 
offspring," she says. 

All the information on animal 
toxicity and the data on molecu¬ 
lar chemistry are going to be 
taken into account during a ma¬ 
jor effort:, now under way, that 
EPA is making to revise its pro¬ 
grams for regulating TCDD. Af¬ 
ter publication of the Fingerhut 
study, and the scientific agree¬ 
ments that came out of the Ban¬ 
bury conference, EPA's Reilly 
told the agency it was time for a 
reassessment. 

William. Fariand, head of' 

EPA's Office of Health & Envi¬ 
ronmental Assessment for the 
Office of Research & Develop¬ 
ment, says, 'The review includes 
five major activities. First is the 
evaluation of the biologically 
based dose response model for 
TCDD, taking into account the 
idea that TCDD is known to bind 


to a specific receptor in ceils. Sec¬ 
ond is an evaluation of the sci¬ 
ence in various aspects of health 
effects, including carcinogenici¬ 
ty, reproductive effects, immu- 
notoxicoiogy, acute and chronic 
effects, and human epidemiolog¬ 
ical data. The final three items 
are a health research component, 
an ecological research compo¬ 
nent, and an exposure reassess¬ 
ment component." The entire 
project is supposed to be com¬ 
pleted by May 1992. 

Reconsideration of its cancer 
model represents a major break 
with tradition for EPA. The 
present linearized multistage 
model for carcinogenicity does 
not work for receptor-mediated 
molecules because it does not al¬ 
low for a threshold below which 
cancer would not occur, Accord¬ 
ing to Fariand, the EPA guide¬ 
lines, however, do permit the 
agency to change its model. "The 1986 cancer guidelines 
suggest that one ought to choose a dose response model 
with a biological rationale. TCDD provides a good exam¬ 
ple of a chemical [for which] a lot of good studies have 
been done, and we ought to be able to bring this infor¬ 
mation into our dose response analysis. So we think this 
is consistent with the agency's advice all along and is 
one of the best opportunities we have to put that advice 
into practice." 

EPA's Bimbaum is heading the agency's research on 
health effects. "Basically there are three areas we are 
trying to address here. First, we are trying to define the 
dose response curves, focusing on the most sensitive 
toxicological endpoints. Next, we 
are looking at enzyme induc¬ 
tion, specifically cytochromes 
P4501A1 and P4501A2. Finally, 
we are trying to find out where 
people are with respect to these 
responses." 

TCDD has many molecular ef¬ 
fects that can now be measured. 
Ligand binding to the Ah recep¬ 
tor, nuclear occupancy of the ac¬ 
tivated complex, cytochrome in¬ 
duction, and immunotoxicitv 
are examples. But each of these 
seems to happen at a different 
level of TCDD exposure. Birn- 
baum says EPA is focusing on 
the low-dose region of the re¬ 
sponse curves for these markers, 
looking for the most sensitive 
endpoints. When it comes to 
measuring effects of TCDD, can¬ 
cer may be a poor indicator. 
Birnbaum savs it looks like im- 
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munotoxicity may be the most sensitive indicator of 
TCDD effects, and this is clearly a problem. 

Cytochrome induction has been considered one of 
the easiest responses to detect. The P4501A1 enzyme 
can be induced in most cells and animals. Measured in 
terms of the action of aryl hydrocarbon hydroxylase, 
the cytochromes are important because they can actual¬ 
ly metabolize some environmental chemicals into sus¬ 
pected carcinogens, Birnbaum says. "These cy¬ 
tochromes are present in high concentration in the liv¬ 
er in response to TCDD and related chemicals/' she 
says. It is interesting that the liver was where Kociba at 
Dow recognized TCDD as a carcinogen. 

A simple test for the presence of cytochrome 
P4501A2 is being worked on. According to Birnbaum, 
the hydroxylase acts at a specific site on the caffeine 
molecule. By labeling caffeine with carbon-13 at that 
site arid administering it to people, the 1A2 cytochrome 
can be detected because ]5 C-labeled carbon dioxide will 
be exhaled. "We are doing this now in experimental 
animals/' Birnbaum says. 

EPA's lab will be assessing the endpoints for 11 differ¬ 
ent responses in the same animal. The idea is to see at 
what dose responses occur. Birnbaum says the data will 
be used to develop a risk model that might tell EPA just 
where humans fit into the overall scheme of toxicity of 
TCDD and dioxinlike compounds. If one assumes that 
people are walking around with about 100 ppt of TCDD 
toxicity equivalents, the assessment would be a guide¬ 
line as to what response might come from that. "We may 
see that 100 ppt is orders of magnitude below the toxico¬ 
logical inflection point/' Birnbaum says, "and therefore 
not of great concern. On the other hand, if the current 
exposure levels put us right near that inflection point, 
then any additional exposure would be undesirable." 
She adds that EPA particularly needs to look at the issue 
of sensitive populations, such as subsistence fishermen 
and nursing infants, that might receive doses 10 to 20 
times higher than the overall population. 

A great deal has been made about the issue of there 
being so great a species difference in response to TCDD, 
Birnbaum says. However, for most toxicological end¬ 
points, such as death, researchers can find a species out- 
layer. In this case it may be guinea pigs, which die at ex¬ 
posures of less than 1 Mg per kg body weight. For the re¬ 
lated hamster, the dose at which half die may reach as 
high as 5000 Mg per kg body weight. "But most species 
cluster their sensitivity somewhere within a 10-fold 
range," she says. "If you take other endpoints for TCDD, 
say developmental toxicity, the dose that will kill the 
developing fetus is essentially within an order of magni¬ 
tude in the guinea pig, hamster, rat, and mouse. If you 
look at enzyme induction, the dose that causes a re¬ 
sponse in these animals is essentially the same. So lethal¬ 
ity has been sort of a red herring." 

Looking at the endpoint nformation on humans 
shows that they fall into the same range of sensitivities, 
Birnbaum says. "For enzyme induction and chloracne, 
humans respond similarly to experimental animals. In 
in-vitro experiments, the concentrations of TCDD that 
result in cleft palate formation in the rat and in the hu¬ 
man are essentially the same. For cancer, the recent 
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study by Fingerhut is at least compatible with th 
pothesis that the blood levels in the group that h i- 
creased cancer were similar to the blood levels in the 
rats that developed cancer in the Kociba study." 

Birnbaum thinks there is no reason to believe that 
people are different from animals in their response to 
TCDD. "I think the Seveso data tell us that, in terms of 
lethality, we are not guinea pigs. At the highest doses 
received by residents near Seveso, if they had been 
guinea pigs, there would have been some deaths. But 
we never reached the levels of TCDD that would have 
killed rats or mice or monkeys or dogs or rabbits or 
minks or anything else." 

EPA's review will bring up to date the scientific rea¬ 
soning for TCDD toxicity. By merging the human epi¬ 
demiology data, the animal toxicity information, and 
the molecular biology, a better level of understanding 
and maybe a firmer basis for regulation of this conten¬ 
tious chemical will emerge. 

Silbergeld and Birnbaum both think the regulatory 
number for TCDD may not change much. Even though 
the response level for cancer is high, the response level 
for immunotoxicity may be very low, and the current 
safe intake calculation of 0.006 picogram per kg body 
weight per day may be in the right range. CDC's Houk 
has commented that the intake number seems too low. 
Given the history of TCDD, it is likely that politics and 
emotion will have as much say in the end as does sci¬ 
ence. 

Politics and emotion have a lot to do with the pi 
lie's fear of dioxin. Those embroiled in the public con¬ 
troversy have diverse views on why TCDD remains so 
persistently in the forefront of people's concerns. Stan¬ 
ford's Whitlock believes it is because the compound has 
become synonymous with horrible scenes of birth de¬ 
fects and cancer. "It has become a sort of prototype for 
certain groups who are concerned about the environ¬ 
ment/' he says. 

Several people place the focus on the Vietnam veter¬ 
ans. The Air Force's Wolfe, for one, thinks, "It was so 
closely related to the Vietnam experience and the ill 
treatment a lot of the returning folks got." But he also 
says, "It is sort of a flagship issue of all environmental 
problems," 

Houk says attention is rapt because of those who in¬ 
sist that TCDD be labeled the most toxic substance 
known to man. Joseph Walker from the Chlorine Insti¬ 
tute concurs on that point, adding that it also may be 
because "dioxin" looks and sounds like "toxin." 

But uncertainty may be the biggest reason people's 
concerns haven't been eased by science. NIOSH's Fin¬ 
gerhut speculates that people have never felt reassured 
by the information coming out. "It is hard to get an¬ 
swers for a problem like this, and they are long in com¬ 
ing," she says. Banbury conference organizer Gallo 
agrees. "I think the scare comes from some people say¬ 
ing there is no problem and others saying this is the 
most heinous compound man has ever created." At 
Maryland, Silbergeld blames the uncertainty on the 
government. "Primarily it's the government's fault that 
they can't come to a decision on TCDD regulation and 
stick to it." O 
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I. Background 

The sociopolitical climate in the U. S. during the 
1960s helped draw attention to the chemical that we have 
come to know as “dioxin” In the first place, cognizance 
of the potential risks associated with environmental con¬ 
tamination was on the increase; for example, in 1962 the 
publication of Silent Spring by Rachel Carson (17) gen¬ 
erated particular concern about the increasing use of 
pesticides and herbicides. At the same time, there was 
growing restiveness about the conduct of the Vietnam 
war; one particular tactic, chemical defoliation of the 
countryside (Operation Ranch Hand), again focused at¬ 
tention on the possible adverse effects of the herbicides 
used to kill crops and vegetation in Southeast Asia. One 
particular herbicide (Agent Orange) used in Vietnam was 
a 1:1 mixture of (the n-butyl esters of) 2,4-dichlorophen- 
oxyacetic acid (2,4-B)t and 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T); both compounds were also widely used as 
weed killers in the U. S. In 1970, an article in the New 
Yorker by Thomas Whiteside (172) publicized the sus¬ 
picion that 2,4,5-T might cause birth defects. 

Against this background, the report (24) that 2,4,5-T 
was teratogenic in rodents understandably aroused con¬ 
siderable concern among the public, environmental 
groups, the chemical industry, U. S. regulatory agencies, 
and Congress and led to restrictions on the use of the 

r • 1 ' / 
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t Abbreviations used are: AHH, aryl hydrocarbon hydroxylase; 6- 
ALAS, 6-aminc tevulinic acid synthetase; HAH, halogenated aromatic 
hydrocarbon; PAH, polycyclic aromatic hydrocarbon; TCDD, 2,3,7,8- 
tetrachlorodibenzo-p-dioxin; 2,4-D, 2,4-dichlorophenoxyacetic acid; 
2.4,5-T, 2,4,5-trichlorophenoxyacetic acid; 3MC, 3-methylchoIan- 
threne; dNF, ff-naphthoflavone; CAT, chloramphenicol acetyltransfer- 
ase; DRE, dioxin-responsive element; GRE, glucocorticoid-responsive 
element; HMG, high-mobility group; LD*), median lethal dose; EDso, 
median effective dose; BP, benzo(a)pyrene; QSAR, quantitative struc¬ 
ture-activity relationship; DBBD, 2.2-dimethyl-5-f-butvI-l,3-benzo- 
dioxole. 


herbicide. The results of subsequent studies (20,23,160) 
implied that the actual teratogen was probably 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (TCDD), a contaminant 
that forms during the commercial synthesis of 2,4,5-T 
(fig. 1). Public and scientific attention then shifted from 
2,4,5-T to TCDD (often described simply as “dioxin”) 
and its potential risk to human health. The remarkable 
potency of TCDD (in its acute lethality for guinea pigs), 
combined with the relative resistance of TCDD to chem¬ 
ical and biological degradation, contributed to the fear 
that soon was associated with the dioxin. Several indus¬ 
trial accidents, episodes of leakage or improper disposal 
of chemical waste, and lawsuits brought by veterans who 
might have been exposed to Agent Orange have tended 
to keep TCDD in the public eye ever since. Despite the 
scientific and lay scrutiny that dioxin has received, it 
has been difficult to document that TCDD poses a major 
health hazard for humans. Studies in animals reveal 
marked quantitative differences in their sensitivity to 
TCDD; for example, the acute oral median lethal dose 
(LD50) of TCDD is about 5000-fold higher for the ham¬ 
ster than for the guinea pig. In addition, the qualitative 
spectrum of effects produced by chronic exposure to 
TCDD varies substantially among animal species (140). 
These observations make it unusually difficult to extrap¬ 
olate the results of animal studies to man. Long-term 
follow-up of individuals exposed to TCDD in an indus¬ 
trial setting does not implicate the dioxin as a cause of 
excess mortality or serious morbidity for humans (110, 
161, 180). However, the number of individuals followed 
has been relatively small. 

Its teratogenic effects in rodents stimulated scientific 
interest in TCDD and related chlorinated hydrocarbons. 
By the early 1960s, TCDD had been implicated in the 
etiology of chloracne in humans (6, 90, 91) and chick 
edema disease (69), but its other effects and its mecha¬ 
nism of action were unknown. Today, we know that 
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Fig. 1. Formation of 2,3,7,8-tetrachJorodibenzo-p-dioxin (2,3,7,8- 
TCDD) during the synthesis of 2,4,5-trichIorophenoxyacetic acid 
( 2,4,5-T ). The first step in the industrial production of 2,4,5-T involves 
the alkaline hydrolysis of l,2,4,5-tetrachloroben2ene (TCB) to form 
sodium 2,4,5-lrichiorob'enzeneoxide (TCBO). In the second step, TCBO 
reacts with cldoroethanoate to form 2,4,5-T. If the temperature of the 
first step eaiceeds about 160*C, two molecules of TCBO can react in a 
double nucleophilic displacement to form 2,3,7,8-TCDD. Higher tem¬ 
perature and higher pH increase the formation of 2,3,7,8-TCDD. The 
side reaction is itself exothermic, possibly leading to even higher 
temperatures and uncontrolled reaction conditions (IQS, 143). 


TCDD elicits a broad spectrum of biological effects, 
which vary according to the system in which the com¬ 
pound is tested. For example, in addition to its terato¬ 
genic effect, TCDD also produces several species- and 
tissue-dej>endent changes in epithelial tissues, immuno¬ 
logical alterations, a wasting syndrome, tumor promo¬ 
tion, and the induction of several enzyme activities (139, 
140). Therefore, models which seek to explain the mech¬ 
anism of TCDD action must account for the diversity of 
effects that the compound produces. One reasonable 
hypothesis is that TCDD, acting by means of an intra¬ 
cellular receptor protein(s), alters the expression of a 
different set of genes in each TCDD-responsive cell type 
(54,140). This particular model for TCDD action resem¬ 
bles that described for several steroid hormones, which 
also elicit cliverse effects in receptor-dependent and tis¬ 
sue-specific fashion (146,178). The evidence for and the 
molecular aspects of this model constitute the subject of 
this review, i 

The development of TCDD-responsive cell culture sys¬ 
tems, combined with the use of recombinant DNA and 
gene transfer methods, has facilitated the analysis of 
TCDD action at the molecular level. We now know that 
TCDD can activate the rate of transcription of a gene 
that encodes a specific cytochrome P-450 isozyme (see 
below). In addition, exposure to TCDD produces phe¬ 
notypic cfasinges suggestive of altered differentiation in 
epidermal cells in culture (53, 75, 93, 122, 145) and in 
cultured thymic epithelium (25,52). Furthermore, TCDD 
promotes the expression of a transformed phenotype in 
C 3 H 10 TV 2 cells (1). Although the mechanism(s) by which 
TCDD produces these altered phenotypes is not yet 
known, it seems quite likely that changes in the expres¬ 


sion of specific genes are involved. We also know that 
other halogenated aromatic hydrocarbons (HAHs) that 
are related structurally to TCDD (e.g., dibenzo-p-dioxins, 
dibenzofurans, biphenyls, biphenylenes, naphthalenes, 
and azoxybenzenes) produce similar patterns of toxicity, 
although the compounds differ greatly in potency. There¬ 
fore, we assume that these HAHs share a common mech¬ 
anism of action. Because it is the most potent, TCDD is 
the prototype, and it has been studied much more inten¬ 
sively than the other HAHs. 

Early studies (15, 55, 56) revealed that TCDD induces 
hepatic, drug-metabolizing enzyme activities that are 
catalyzed by cytochrome P-450 isozymes. This class of 
microsomal hemoproterns oxygenates lipophilic sub¬ 
strates and contributes to many different biological proc¬ 
esses, ranging from steroid biosynthesis to chemical car¬ 
cinogenesis (44, 99, 168). At the time when TCDD was 
beginning to undergo intensive study, certain chemicals 
were already known to induce one (or more) of the 
various cytochrome P-450 isozymes. The effect of TCDD 
was similar to that of 3-methylcholanthrene (3MC), a 
polycyclic aromatic hydrocarbon (PAH) that preferen¬ 
tially induces a specific form of cytochrome P-450 (des¬ 
ignated cytochrome P-450c in the rat and cytochrome 
Pi-450 in the mouse) (15, 55, 56). This particular cyto¬ 
chrome P-450 isozyme catalyzes aryl hydrocarbon hy¬ 
droxylase (AHH) activity, which is present in many 
tissues and which is assayed using a simple and sensitive 
fluorescence technique (112). Therefore, measurement of 
AHH induction became a convenient way to determine 
if a particular tissue or cell type can respond to TCDD. 
(Note: the failure of TCDD to induce AHH activity in a 
particular cell type does not necessarily mean that the 
cell cannot exhibit some other response to the dioxin.) 
Given the long-established relationship between TCDD 
action and AHH induction, together with more recent 
achievements in the purification of cytochrome P-450 
isozymes and the cloning of cytochrome P-450 genes (3, 
173), it is not surprising that the most detailed knowledge 
of the mechanism of TCDD action has come from the 
study of TCDD-responsive cytochrome P-450 genes. We 
assume that TCDD influences the activity of other genes 
(i.e., those responsible for other phenotypic changes in¬ 
duced by the dioxin) by similar mechanisms. In retro¬ 
spect, it is interesting that what began as a toxicological 
evaluation of a potent environmental contaminant has 
had unanticipated benefits. Analyses of TCDD action at 
the cellular and molecular levels have revealed a pathway 
by which an extracellular chemical signal can be trans¬ 
duced to the cell nucleus to activate the transcription of 
a specific gene. Further study of this TCDD-responsive 
signalling system in the future has the potential to reveal 
novel aspects of the mechanisms that control mamma¬ 
lian gene expression. 

IL Evidence for a TCDD Receptor 

The unusual potency of TCDD was the first clue that 
the dioxin might act through a specific receptor(s). For 
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example, Poland and Glover observed that TCDD was 
orders of magnitude more powerful than other com¬ 
pounds in inducing both AHH activity and ^-aminolev¬ 
ulinic acid synthetase (5-ALAS) activity in the chick 
embryo (131,132). In addition, studies of TCDD conge¬ 
ners reveided a relationship between dioxin structure 
and potency as an inducer (132). On the basis of these 
data, Poland and Glover postulated that TCDD acts by 
means of im “induction receptor” to elevate AHH and 5- 
ALAS activities. They also suggested that the hypothet¬ 
ical receptor might mediate other effects of TCDD, be¬ 
cause the latencies of the halogenated dibenzo-p-dioxins 
as enzyme inducers paralleled their toxic potencies. Sub¬ 
sequent studies of AHH induction in rat liver confirmed 
the potency of TCDD; the dioxin was 30,000-times more 
potent tllifLn the prototypical AHH inducer, 3MC (133). 

The foregoing results naturally led to the study of 
TCDD-inducible AHH activity in inbred strains of mice 
that were known to respond differentially to 3MC. Two 
groups had shown that, in certain mouse strains (typified 
by C57GL/6), 3MC induced hepatic AHH activity; how¬ 
ever, in other strains (typified by DBA/2), it did not. In 
crosses lixstween these strains, AHH inducibility segre¬ 
gated as an autosomal dominant trait (133, 164). Fur¬ 
thermore, other responses to PAHs exhibited a similar 
segregation pattern (152). Therefore, the genetic locus 
that conferred these phenotypes was thought to be reg¬ 
ulatory ;and was designated Ah (for aromatic hydrocar¬ 
bon res])cnsiveness). Mouse strains in which 3MC in¬ 
duced hectic AHH activity were considered “respon¬ 
sive,” a dominant trait governed by the Ah h allele. Mouse 
strains in which ?MC did not induce hepatic AHH activ¬ 
ity were considered “nonresponsive,” a recessive trait 
governed iby the Ah d allele (50). Against this background, 
it was noi&ble when Poland et al. reported that TCDD 
induced AHH activity to equally high levels in both 
C57BL/6 and DBA/2 mice (137). This observation in¬ 
dicated that the so-called nonresponsive DBA/2 strain 
could, in fact, exhibit a responsive phenotype if TCDD 
was the inducer instead of 3MC. This"finding raised the 
possibility that the DBA/2 strain might contain an al¬ 
tered regulatory protein (i.e., receptor) to which 3MC 
bound poorly and, therefore, failed to elicit a response. 
However, the properties of TCDD might be such that it 
could still bind tightly enough to the altered receptor to 
induce AHH activity. The finding that the median effec¬ 
tive dose (EDso) for AHH induction by TCDD was about 
20-fold higher in DBA/2 mice than in C57BL/6 mice was 
consistent with the idea that the DBA/2 strain contained 
a receptor with a lower binding affinity for the inducer 
(134). Sul>sequently, Poland et al., using [ 3 H]TCDD and 
a charcoal/dextran binding assay, identified in C57BL/ 
6 hepatic cytosol a protein which bound the dioxin sat- 
urably and with high affinity, thus providing biochemical 
evidence for the existence of a TCDD receptor. DBA/2 
hepatic q^tosol did not contain a detectable protein that 


bound TCDD with a similar high affinity. Furthermore, 
competition studies with TCDD congeners revealed that 
their binding affinities paralleled their induction poten¬ 
cies, suggesting a functional role for the receptor in the 
mechanism of AHH induction (136). These biochemical 
observations complemented the genetic evidence for the 
existence of a TCDD receptor. Because it is (presumably) 
encoded by the Ah locus, the TCDD receptor is also 
known as the Ah receptor. 

The high affinity of TCDD for the TCDD receptor 
contributes to the high potency of the dioxin. In addition, 
TCDD’s resistance to degradation means that the bio¬ 
logical half-life of the compound is relatively long (9, 
111, 123, 130). Thus, TCDD may produce sustained 
effects upon the cell, in comparison to those of other 
ligands for the receptor [e.g., 3MC or 0-naphthoflavone 
(0NF)], whose biological half-lives are much shorter 
because the compounds are readily metabolized. It is not 
yet clear whether TCDD’s ability to produce a prolonged 
biological response contributes substantially to the tox¬ 
icity of the dioxin (54,140). In addition, it is unclear why 
we have a receptor for TCDD at all. It is possible that 
the dioxin is only mimicking the binding of a “physiolog¬ 
ical” ligand to the receptor. However, the existence and 
properties of this hypothetical ligand (i.e., is it exogenous 
or endogenous; are its effects transitory or prolonged?) 
remain completely speculative (54,140). 

Studies of cells in culture have provided additional 
details about the involvement of a receptor in the re¬ 
sponse to TCDD. Hankinson exploited the observation 
of Gelboin et al. (45) that the PAH benzo(a)pyrene (BP) 
is toxic to cells that oxygenate the compound by means 
of the AHH system. Thus, he was able to select for AHH- 
defective cell£ by growth in the presence of BP (61). 
Miller and Whitlock took advantage of the fluorescence 
properties of BP and utilized the fluorescence-activated 
cell sorter to isolate cells that exhibit low (or no) AHH 
activity (107). Both groups identified two classes of re¬ 
ceptor-defective mouse hepatoma cells. In one class, rel¬ 
atively few (i.e., 5 to 10% of wild-type) TCDD-receptor 
complexes form; however, those complexes that do form 
interact normally with a component(s) of the cell nu¬ 
cleus. These variants respond poorly to TCDD, as meas¬ 
ured by AHH induction. In the other class, the formation 
of TCDD-receptor complexes appears normal. However, 
the complexes fail to interact normally at the nuclear 
level, and the variants fail to respond to TCDD at all. 
These results imply that AHH induction requires not 
only the formation of the TCDD-receptor complex but 
also a particular interaction between the complex and a 
component of the cell nucleus (97, 106). Cell fusion 
studies indicate that both variant phenotypes are reces¬ 
sive with respect to wild-type and that the variants 
belong to different complementation groups (62, 106). 
Thus, receptor function requires the contribution of (at 
least) two genes. The complementation analyses are open 
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to several interpretations. One possibility is that the 
TCDI) receptor has distinct subunits; perhaps, one gene 
encodes a TCDD-binding subunit, and a second gene 
encodes a chromatin-binding subunit. Another possibil¬ 
ity is that the TCDD-receptor complex requires enzy¬ 
matic modification to convert it to a chromatin-binding 
species; in this scenario, one gene encodes the receptor, 
and a second gene encodes the modifying enzyme. The 
available data do not allow us to distinguish between 
these and other possibilities. Progress in receptor puri¬ 
fication and characterization should allow the testing of 
these Hypotheses in the future. 

Okey et aL (119) have analyzed the TCDD receptor in 
a clone of C3H/10T l /2 mouse fibroblasts in which some 
PAHs Oand TCDD) induce AHH activity, but 3MC does 
not. [ 3 H]3MC can bind to the receptor in cell extracts; 
however, it apparently is unable to do so in the intact 
cell. This basis for this interesting and unusual phenotype 
is unknown. More detailed studies of these cells (e.g., the 
dominant/recessive nature of the trait, strufture-activity 
analyses of ligand binding) have the potential to reveal 
novel aspects of receptor structure and function in the 
future. 

Genetic evidence for the Ah locus exists only in mice; 
phenotypes analogous to the responsive and nonrespon- 
sive mouse strains have not been observed in other 
species. However, other species, including humans, do 
contain a TCDD-binding protein(s) whose biochemical 
properties are similar to those of the mouse receptor (43, 
68, 100). Therefore, the equivalent of the Ah locus pre¬ 
sumably also exists in other species. In addition, crosses 
other than the prototypical C57BL/6 X DBA/2 mating 
imply that the mouse Ah regulatory system may be quite 
complicated In some crosses (e.g., C3H/He X DBA/2), 
the induction of AHH activity by 3MC segregates as a 
codominant trait; this finding may indicate the existence 
of a third Ah allele (163). Furthermore, there is a single 
report that, in the C57BL/6N X AKR/N mating, the 
dominance is reversed, and the nonresponsive phenotype 
segregates as an autosomal dominant trait (148). This 
unusual observation, if confirmed, remains to be ex¬ 
plained Therefore, additional studies of these inbred 
mouse strains and their progeny seem worthwhile, in 
order to determine if the genetic findings are associated 
with differences in TCDD receptor structure or function. 

The chromosomal location, organization, and struc¬ 
ture of the Ah locus are unknown. Studies of somatic cell 
hybrids suggest that mouse chromosome 17 contains a 
gene that regulates AHH inducibility; however, there is 
no direct evidence that it encodes the receptor protein 
(98), Furthermore, the number of alleles at the Ah locus 
and the number of proteins encoded by the locus are 
unknown. Success in cloning the gene(s) for the TCDD 
recepter presumably will allow these issues to be ad¬ 
dressed in the future. 


HI. Biochemical Properties of the TCDD 
Receptor 

Assays of the TCDD receptor require measuring the 
specific binding of a radiolabelled ligand to a protein that 
is a minor component of a crude cell extract. The major 
problem is distinguishing between specific and nonspe¬ 
cific binding. The limited aqueous solubility of TCDD 
tends to increase nonspecific binding and compounds the 
difficulty of the assay. The potential usefulness of more 
hydrophilic ligands, such as 3MC or 0NF, is negated by 
their substantially lower affinity for the receptor. Several 
investigators have utilized different techniques to im¬ 
prove upon the original assay, which employed dextran- 
coated charcoal to remove unbound [ 3 H]TCDD (136). 
Either adsorption of ligand-receptor complexes to 
hydroxylapatite (41, 127) or precipitation of ligand-re¬ 
ceptor complexes with protamine sulfate (26) is a con¬ 
venient, simple, and rapid method for assaying large 
numbers of samples. However, compared to more com¬ 
plicated techniques, these procedures tend to lack spec¬ 
ificity, because they do not reveal any properties of the 
molecules to which TCDD is bound. In contrast, assays 
which involve centrifugation of TCDD-labelled material 
through sucrose gradients (116, 166) can verify that the 
TCDD-binding species has the appropriate sedimenta¬ 
tion coefficient; however, such techniques are time-con¬ 
suming, expensive, and relatively impractical for large 
numbers of samples. Other assays, such as isoelectric 
focusing in polyacrylamide gels (16) and gel permeation 
chromatography (42), have similar limitations. In prac¬ 
tice, a combined approach seems reasonable. Impurities 
in the radiolabelled TCDD (28), contamination of the 
cell or tissue extract with serum proteins (129), and the 
presence of other PAH-binding proteins in the cell ex¬ 
tract (18,65,165,181) can introduce substantial artifacts 
into studies of the TCDD receptor. These factors need 
to be considered when interpreting the experimental 
data 

Several investigators (28, 43, 65, 101, 129) have com¬ 
pared the properties of the TCDD receptor from various 
animal species and/or tissues to find differences that 
might account for the diversity of TCDD’s effects. In 
general, the results reveal that the hydrodynamic prop¬ 
erties and the ligand-binding properties of the TCDD 
receptor are similar, but not identical, in various systems. 
In solution, the receptor behaves as a larger species 
(apparent M r ~250,000) in 0.1 M KC1 and as a smaller 
species (apparent Af r ~120,000) at 0,4 M KC1. This be¬ 
havior may reflect the dissociation of an oligomeric spe¬ 
cies as the ionic strength is raised. If so, we do not yet 
know whether the receptor is homomeric or heteromeric. 
Both the faster and slower sedimenting species behave 
as asymmetric molecules, with axial ratios in the rangf 
of 11 to 12. Dissociation constants for TCDD fall in the 
range of 0.1 to 2 nM, and, in liver tissue, the number of 
TCDD binding sites is in the range of 30 to 60 fmol/mg 
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protein. Hydrodynamic differences among various 
TCDD receptors appear to be relatively small. For ex¬ 
ample, Denison et al. (28) found about a 10% difference 
between Sprague-Dawley rats and C57BL/6N mice in 
the relative molecular mass of the hepatic TCDD recep¬ 
tor. In addition, the rat receptor readily changes to the 
smaller, more slowly sedimenting form in 0.4 M KC1 
whereas the mouse receptor is relatively resistant to this 
salt effect. Furthermore, the rat and mouse receptors 
differ somewhat in their ligand-binding preferences. We 
do not know whether these biochemical variations are 
associated with meaningful differences in receptor func¬ 
tion. Therefore, based on our present knowledge, differ¬ 
ences in the properties of the TCDD receptor among 
animal species and/or tissues do not easily account for 
the qualitative and quantitative differences in TCDD’s 
effects in various experimental systems. 

Several investigators (18, 73,165,181) have character¬ 
ized in rats; and mice another intracellular protein(s) that 
binds PAHs (e.g., 3MC) with higher affinity than TCDD. 
The hydrodynamic and ligand-binding properties of this 
protein distinguish it from the TCDD receptor (18, 74). 
In addition, the production of the protein does not seg¬ 
regate with the Ah locus in inbred mouse strains (118). 
The function of this protein remains unknown; it might 
be involved in the regulation of the rat cytochrome P- 
450c gene (74). However, this remains to be demon¬ 
strated rigorously. The recent purification of the mouse 
protein (19) should allow the preparation of antibodies, 
which will be helpful in studying its structure and regu¬ 
lation in greater detail. If this PAH-binding protein does, 
in fact, influence gene expression, it will be interesting 
to compare its mechanism of action with that of the 
TCDD receptor. 

Both the hydrodynamic properties of the TCDD re¬ 
ceptor and its apparent mechanism of signal transduc¬ 
tion are analogous to those of Several steroid receptors 
(146,178). These similarities have led several investiga¬ 
tors to compare the properties of steroid and TCDD 
receptors in detail (178). The ligand-binding properties 
of the receptors are quite different; steroids do not exhibit 
high affinity ipr the TCDD receptor, and vice-versa. On 
the other hand, the TCDD receptor and the glucocorti¬ 
coid receptor are similar with respect to their chromato¬ 
graphic behavior on DNA-cellulose and heparin-Sephar- 
ose (175). Studies involving limited proteolysis reveal 
that, like steroid receptors, the TCDD receptor has a 
ligand-binding domain that is distinct from a DNA- 
binding domain i (64, 175). Molybdate stabilizes the 
higher molecular weight, ligand-binding form of steroid 
receptors; the compound has less effect on the TCDD 
receptor (29). The significance of this observation is not 
clear. Overall, the results of biochemical studies reveal 
some relatively crude structural similarities between the 
TCDD receptor and steroid receptors. In addition, both 
the TCDD receptor and steroid receptors transduce their 


respective chemical signals by mechanisms that appear 
similar at our relatively superficial level of knowledge 
(see below). These structural and functional similarities 
suggest that both types of receptor might belong to a 
family of proteins which evolved from a common ances¬ 
tor. On the other hand, variant cells that contain defec¬ 
tive TCDD receptors fall into several complementation 
groups, whereas, in the glucocorticoid-responsive system, 
the analogous receptor variants are all in the same com¬ 
plementation group (179). These genetic findings might 
reflect important structural or functional differences be¬ 
tween the TCDD receptor and steroid receptors and 
could mean that the biochemical similarities between 
them do not reflect their evolution from a common 
ancestor. Purification and characterization of the TCDD 
receptor in the future will permit a more meaningful 
comparison with steroid receptors and a more rigorous 
evaluation of their possible evolutionary relatedness. 

Several groups have characterized the ligand-binding 
site of the TCDD receptor using structure-activity anal¬ 
yses. Initial studies, involving several series of HAHs, 
revealed that the ligands with the highest binding affinity 
were essentially planar and would fit into a rectangle 
approximately 3 x 10 A, with halogen atoms at each 
corner (138, 140). However, this particular view of the 
binding site cannot easily account for the efficacy of 
ligands like 3MC or £NF, which are substantially differ¬ 
ent in structure from the HAHs. More recently, studies 
of a series of indoles (including 0NF) suggested that 
viewing the binding site as a rectangle of 6.8 x 13.7 A 
could more easily account for all of the data (47). 

Quantitative structure-activity relationship (QSAR) 
methods (10) have also been used to study the interac¬ 
tions between various ligands and the TCDD receptor. 
In this approach, one studies a series of structurally 
related ligands, whose physicochemical properties (e.g., 
hydrophobicity, electronegativity, hydrogen-bonding ca¬ 
pacity, van der Waals volume) can be estimated in quan¬ 
titative terms. Multiple linear regression analysis is used 
to determine which physicochemical property(s) corre¬ 
lates with the ligand’s ability to produce the effect being 
studied (e.g., binding to the receptor). Safe and coworkers 
(150) found that the binding affinity of 33 chlorinated 
dibenzo-p-dioxins and dibenzofurans correlated with the 
hydrophobicity of the compounds (within limits imposed 
by the volume of the ligand). These observations imply 
that the ligand-binding site of the TCDD receptor is very 
hydrophobic (31, 32, 150). QSAR analysis of a series of 
halogenated biphenyls suggested that, for these ligands, 
hydrophobicity, electronegativity, and hydrogen bond- 
accepting ability all enhance ligand-receptor binding (5). 
One potential limitation of the QSAR approach is that 
the data may not be amenable to unambiguous interpre¬ 
tation. For example, McKinney and coworkers have in¬ 
terpreted the halogenated biphenyl binding data to mean 
that dispersive interactions are the primary forces that 
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stabilize the ligand-receptor complex (102, 103). A sec¬ 
ond, and ]>erhaps more serious, limitation of the QSAR 
approach involves the potential artifacts associated with 
the study of very insoluble ligands. For example, in some 
cases, the dissociation constant calculated for receptor 
binding substantially exceeds the aqueous solubility of 
the ligancL This raises questions as to the biological 
significance of the binding data. In general, the QSAR 
analyses suggest that the interactions which stabilize 
ligand-receptor binding are primarily hydrophobic, but 
can vary to some extent, depending upon the properties 
of the ligsind. The ligand-binding site appears to be a 
hydrophobic pocket of somewhat undefined volume. It is 
conceivable that the binding site is somewhat flexible; 
the receptor might undergo small changes in conforma¬ 
tion so as to optimize the binding interactions for any 
given ligiiri d. To put the QSAR data in some perspective, 
it is worth noting that a thermodynamic analysis of 
glucocorticoid-receptor interactions implies that the 
forces wliioh stabilize the hormone-receptor complex in 
that system are also primarily hydrophobic (177). 

In the future, the QSAR approach might provide clues 
about the function of the TCDD-receptor complex. For 
example, Denomme et al observed that, for two series of 
chlorinated dibenzo-p-dioxins and dibenzofurans, the re¬ 
ceptor binding affinity correlated with lipophilicity 
alone, whereas the ability to induce AHH activity cor¬ 
related vdth lipophilicity plus a steric factor (31, 32). 
These finctings suggest that the formation of a ligand- 
receptor complex does not by itself suffice to evoke a 
biological it^sponse. Denomme et al. (31, 32) infer that 
the ligand-receptor complex must undergo a subsequent 
biochemicfd change(s) (perhaps conformational) in order 
to become functional. This interpretation is consistent 
with other studies of the TCDD receptor, involving dif¬ 
ferent ex]3€rimental techniques (seebelow). Also, in stud¬ 
ies of the estrogen receptor, Hanson and Gorski, using a 
thermodynamic analysis, have reached a similar conclu¬ 
sion (66). Overall, despite its limitations, the QSAR 
approach appears useful for studying TCDD receptor 
structure and function in the future, particularly if used 
in conjunction with other experimental approaches. 

Despite its biochemical similarities to steroid recep¬ 
tors, the TCDD receptor has been refractory to substan¬ 
tial purification by techniques used successfully for ste¬ 
roid receptors. Several factors have contributed to the 
difficulty. First, the relatively low receptor concentration 
(of the order of 10* molecules/cell, assuming one TCDD- 
binding site per receptor) necessitates extensive purifi¬ 
cation. Second, like many proteins, the receptor tends to 
interact nonspecifically with other macromolecules dur¬ 
ing attempts at purification. Third, the extreme hydro- 
phobicity of the ligand, combined with low receptor 
concentrations, aggravates the problem of nonspecific 
binding. Fourth, the noncovalent nature of ligand bind¬ 
ing does not permit the use of denaturing procedures. To 


address the last factor, Poland et al. (135) have synthe¬ 
sized an 125 I-labeled, 2-azido-3-iodo-7,8-dibromodibenzo- 
p-dioxin as a photoaffinity reagent. They have used this 
compound to specifically covalently label in C57BL/6J 
mouse liver a protein that is likely to be the TCDD 
receptor (135). The protein migrates in denaturing poly¬ 
acrylamide gels with an apparent molecular weight of 
about 95,000. The development of this reagent will per¬ 
mit a substantially greater degree of receptor purification 
(albeit in denatured form) than has previously been 
possible. In principle, this will lead to the generation of 
antibodies, which would be very powerful reagents for 
studying the structure and function of the TCDD recep¬ 
tor and could permit the cloning of its gene(s). Thus, 
studies during the next few years may produce substan¬ 
tial advances in our knowledge of the biochemical prop¬ 
erties of the TCDD receptor. 

IV. Function of the TCDD Receptor 

Our understanding of the mechanism by which the 
TCDD receptor transduces a chemical signal into a cel¬ 
lular response is sketchy. Much of the current t hinkin g 
is based on the apparent functional analogies between 
the TCDD receptor and steroid receptors, which have 
been studied more extensively. The hydrophobic ligand 
apparently enters the cell by passive diffusion; there is 
no evidence that active transport is required. The binding 
of TCDD to its receptor occurs inside the cell and ap¬ 
parently requires both ATP (58) and reduced sulfhydryl 
groups (30,88). These findings may mean that the TCDD 
receptor undergoes cyclic phosphorylation/dephosphor¬ 
ylation during signal transduction and that the cell con¬ 
tains an enzyme system that can maintain the receptor 
in a reduced state. However, these hypotheses remain to 
be tested. 

The location of the unoccupied receptor in the intact 
cell is open to question. In homogenates of untreated 
cells, the unoccupied receptor distributes primarily to 
the cytosolic fraction; conversely, in homogenates of 
TCDD-treated cells, the ligand-receptor complex distrib¬ 
utes largely to the nuclear fraction (116,117). One inter¬ 
pretation of these data is that, in the intact cell, the 
unoccupied receptor is in the cytoplasm and that ligand 
binding produces a “translocation” of the TCDD-recep¬ 
tor complex to the nucleus (116, 117). However, the 
TCDD receptor can redistribute between cytoplasm and 
nucleus during cell homogenization and fractionation 
(27, 174). Therefore, data from broken-cell experiments 
are difficult to interpret unambiguously. An alternative 
interpretation is that the unoccupied receptor is primar¬ 
ily nuclear and that the binding of TCDD increases the 
affinity of the ligand-receptor complex for a nuclear 
component (e.g., chromatin), thus reducing the tendency 
of the complex to redistribute into the cytosol during cell 
fractionation (174). Studies of the distribution of the 
TCDD receptor in cells enucleated by cytochalasin B are 
also difficult to interpret unambiguously because expo- 
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sure of cells to the antibiotic results in the loss of most 
TCDD-binding activity (59). Analogous studies of steroid 
receptors in cell homogenates are not particularly helpful 
either; for example, under aerobic conditions, the unoc¬ 
cupied estrogen receptor appears to reside in the nucleus 
(92,171), whereas the unoccupied glucocorticoid receptor 
is apparently cytoplasmic (4). Interestingly, in ATP- 
depleted cells, the unoccupied glucocorticoid receptor 
appears to be nuclear (104). This may mean that the 
release of receptors from the nucleus is an energy-re¬ 
quiring event Perhaps the simplest interpretation of the 
available data is that, in the intact cell, the unoccupied 
TCDD receptor is neither entirely cytoplasmic nor en¬ 
tirely nuclear blit is in equilibrium between the two 
compartments. 

Despite the uncertainty about the intracellular loca¬ 
tion of the unoccupied TCDD receptor, it seems clear 
that the biological response to TCDD requires an action 
of the in ducer-receptor complex at the nuclear level The 
most compiling evidence on this point stems from stud¬ 
ies of receptor-defective cells. Two groups have isolated 
variant mouse hepatoma cells in which the TCDD-recep- 
tor complex apparently forms normally, but the complex 
binds weakly to a component of the nucleus (97, 106). 
This class of variant cells fails to transcribe the cyto¬ 
chrome P n -450 gene in response to TCDD (63, 77, 78). 
These findings imply that, in order to evoke a response, 
the TCDD-receptor complex must interact with an ele¬ 
ment in the cell nucleus. 

The phenotype: of these variant cells implies that the 
binding of TCDD to its receptor is not sufficient to 
generate a functional inducer-receptor complex. This 
conclusion is consistent with the observation that, if the 
TCDD-receptor complex forms at 4°C (as opposed to 
37 e C), it fails to bind strongly to the nucleus (117, 174). 
Thus, the generation of a functional TCDD-receptor 
complex apparently requires a temperature-dependent 
“activation” event(s). The temperature-dependent step 
has the effect of increasing the affinity of the TCDD- 
receptor complex for nuclear binding sites, presumably 
on chromatin (116, 174). In addition, ligand binding 
enhances the affinity of the TCDD receptor for DNA- 
cellulose or QNA-Sepharose in vitro (40, 64). However, 
we know >drtually nothing about the mechanism of ac¬ 
tivation. For example, the temperature dependence could 
reflect a conformational change in the TCDD-receptor 
complex oi: a dissociation of subunits (which could expose 
a chromatin-binding domain), an enzymatic modification 
of the com plex (which could alter its affinity for a nuclear 
binding site), or a combination of such events. In fact, 
studies of estrogen and glucocorticoid receptors suggest 
that several steps occur during the activation of the 
steroid-receptor complex to its functional form (67, 153, 
154, 158). More detailed biochemical analysis of the 
activation phenomenon (e.g., after antibodies for the 
TCDD receptor become available) seems to be a poten¬ 


tially fruitful area for future research. In addition, the 
isolation of variants in the activation pathway would 
permit genetic analyses of the event(s) involved. 

The interaction of the activated TCDD-receptor com¬ 
plex with the nucleus can lead rapidly to a biological 
response. For example, the increase in cytochrome P x - 
450 gene transcription is half-maximal about 15 min 
after exposure of mouse hepatoma cells to TCDD (78). 
Furthermore, the response occurs in the absence of on¬ 
going protein synthesis (76), These findings imply that 
the TCDD-receptor complex can activate gene transcrip¬ 
tion directly, without a requirement for intervening bio¬ 
chemical events, such as the generation of “second mes¬ 
sengers” or the induction of other proteins. Studies in 
XB mouse teratoma cells support this conclusion, in that 
no evidence for the participation of several second mes¬ 
sengers in the response to TCDD could be demonstrated 
(95). 

We know very little about the factors that regulate the 
concentration of the TCDD receptor within the ceil. 
There is disagreement in the literature as to whether 
exposure to TCDD-like ligands alters the intracellular 
receptor concentration (33, 157). However, the experi¬ 
ments are inherently difficult to interpret, because the 
only way to measure the receptor is with a ligand-binding 
assay, and the hydrophobicity of the ligand makes the 
studies technically difficult. In the future, it will be 
interesting to determine if TCDD regulates the expres¬ 
sion of the TCDD receptor gene by a feedback mecha¬ 
nism, as may occur in the glucocorticoid-responsive sig¬ 
nalling system (121). Such studies await the development 
of antibody probes for the TCDD receptor and the clon¬ 
ing of the TCDD receptor gene. A priori, there is no 
obvious reason to think that other inducers of cyto¬ 
chrome P-450 enzyme activities should influence the 
level of the TCDD receptor within the cell. (See ref. 173 
for a discussion of the cytochrome P-450 isozymes and 
the different types of cytochrome P-450 inducers.) Yet, 
several investigators have reported that compounds of 
the “phenobarbital type” produce a 2- to 3-fold increase 
in the concentration of the hepatic TCDD receptor in 
rats and mice (33,120). We know neither the mechanism 
by which this effect occurs nor its functional significance. 
Other workers have reported that 2,2-dimethyl-5-t-butyl- 
1,3-benzodioxole (DBBD), which is an “isosafrole type” 
of cytochrome P-450 inducer, apparently produces about 
a 2-fold decrease in the hepatic TCDD receptor in 
Dub:ICR and C57BL/6 mice (22). Again, the mechanism 
by which this reduction occurs is unknown. Furthermore, 
DBBD-treated mice also exhibit decreased enzyme in¬ 
duction in response to 3MC (a “TCDD-type” ligand), 
suggesting that the decrease in the TCDD receptor is 
functionally significant. However, this result seems to 
conflict with findings in C57BL/6 X DBA/2 mice, which 
indicate that a 2-fold reduction in receptor concentration 
has no apparent effect on maximal AHH induction by 
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TCDD (101). Overall, it seems premature to draw firm 
conclusions about the regulation of the intracellular 
TCDD ireceptor concentration and the quantitative re¬ 
lationship! between receptor concentration and a partic¬ 
ular bioloj?ical response. Development of antibody probes 
for the receptor will greatly facilitate the experimental 
analysis of these issues in the future. 

V. TCDD-responsive Genomic Elements 

Studies in variant cells imply that the induction of 
cytochrome P-450 gene transcription requires an inter¬ 
action^) between the TCDD-receptor complex and an 
element in the cell nucleus (78). Furthermore, the 
TCDD-ieceptor complex is a DNA-binding protein (40, 
64). These observations suggested that the inducer-re¬ 
ceptor complex might act at a “genomic switch” that is 
located ne ar the start site of transcription for the cyto¬ 
chrome Pi-450 gene. To test this idea, several groups 
have utilisied a strategy (87) that involves (a) ligating the 
putative genomic switch to a heterologous “indicator” 
gene and ( b ) testing the hybrid gene for function by 
transfection (fig. 2). For example, in studies of mouse 
hepatoma cells, Jones et al. (83) isolated DhJA from the 
region upstream of the cytochrome Pi-450 gene, ligated 
it to the bacterial chloramphenicol acetyltransferase 
(CAT) gene, and transfected the recombinant molecules 
into cells that contained a normal TCDD receptor. 
TCDD induced CAT activity in the transfected cells, 
implying that the hybrid gene contained a TCDD-re- 
sponsive DNA element. Furthermore, CAT induction 
had the espected sensitivity (EDso) to TCDD, and other 
ligands such as 3MC and 0NF also induced CAT expres¬ 
sion. Transfection of the hybrid gene into receptor- 
defectives variant cells resulted in loss of TCDD respon¬ 
siveness, indicating that the induction of CAT activity 
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FIG. 2. Identification of dioxin-responsive elements. The top dia¬ 
gram depict* a TCDD-inducible gene (e.g., cytochrome Pi-450), con¬ 
taining a dio dn-responsive element ( DRE ) and a promoter (P), which 
are located upstream of the transcription start site (arrow). The middle 
diagram depicts the control region, which has been isolated from its 
homologocis structural gene after cleaving the DNA with a restriction 
endonuclaifle(s). The bottom diagram depicts a hybrid gene, constructed 
by ligating tlie control region to a heterologous indicator gene, whose 
product (mRNA or protein) is convenient to assay. In the hybrid, the 
indicator gene (in principle) becomes responsive to TCDD. This hy¬ 
pothesis is tested by transfecting the hybrid gene into suitable (i.e., 
receptor-pas itive) cells, and determining if TCDD induces the product 
of the indicator gene. A positive result implies that the control region 
contains a DRE. 


required a functional TCDD receptor. Together, these 
observations imply that the DNA that flanks the 5'-end 
of the cytochrome Pi-450 gene contains a domain(s) that 
functions as a dioxin-responsive element (DRE). Other 
workers have used a similar approach to find TCDD- 
responsive domains upstream of the cytochrome Pi-450 
gene in C57BL/6 mice (49) and in the corresponding 
cytochrome P-450 genes in rats (39, 159) and humans 
(85). Thus, the current evidence suggests that TCDD 
acts by similar mechanisms in these different species. 
Furthermore, the functions of the TCDD receptor and 
its cognate DRE apparently have been conserved during 
evolution. For example, the DRE of the mouse responds 
to TCDD even when transfected into human cells (82), 
and the genomic elements of the rat (39,159) and human 
(85) function when transfected into mouse cells. Thus, 
the TCDD receptor from one species apparently can 
recognize and act at a DRE from a heterologous species. 
These findings imply that the TCDD-responsive signall¬ 
ing system evolved prior to the divergence between 
mouse and man. Future studies in other species may 
substantiate this point more firmly. From an evolution¬ 
ary standpoint, it is interesting that even some bacteria 
activate gene transcription by means of a receptor-de¬ 
pendent mechanism that responds to certain flavones as 
chemical signals (35,125,144). This (or a similar) system 
might represent the forerunner of the TCDD-responsive 
pathway present in eukaryotic cells. 

The DNA that flanks the 5'-end of the cytochrome 
Pi-450 gene in mouse hepatoma cells contains other 
regulatory components in addition to the DRE. Jones et 
al. (83) used an exonuclease to produce progressively 
smaller DNA fragments, which were tested for function 
by transfection, after insertion into a CAT expression 
vector. These deletion analyses revealed an element that 
appears to function as a transcriptional promoter and 
confers constitutive expression upon the CAT gene. Still 
another functional domain is located at least 600 base 
pairs upstream of the promoter and acts to inhibit pro¬ 
moter function. Presumably, this inhibitory element in¬ 
teracts with a regulatory pi win (i.e., a repressor), al¬ 
though this hypothesis remains to be tested. Further¬ 
more, the mechanism by which inhibition occurs from 
such a distance is unknown; the situation is reminiscent 
of “silencer” elements in other systems (12, 96). The 
TCDD-responsive genomic domain is located upstream 
of the inhibitory element, at least 1500 base pairs away 
from the transcription start site. The ability to activate 
transcription from a distance is typical of “enhancer” 
control systems. This observation provided a clue that 
the TCDD-responsive element might function as a tran¬ 
scriptional enhancer (see below). Together, the deletion 
analyses indicate that the DNA which flanks the 5'-end 
of the cytochrome Pi-450 gene in mouse hepatoma cells 
contains a combination of (at least) three different gen¬ 
omic control elements, each of which presumably inter- 
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acts with specific regulatory proteins. Gonzales and Ne- 
bert (49) have made similar observations in a C57BL/6 
mouse liver system. Thus, in the case of the cytochrome 
Pi-450 gene, the TCDD-responsive system functions in 
a contest that also includes inhibitory and constitutive 
regulatory components. This sort of combinatorial con¬ 
trol of transcription may prove to be typical of many 
eukaryotic genes (14). 

Transcriptional enhancers are DNA elements that 
bind specific proteins and thereby augment gene expres¬ 
sion. In contrast to other types of regulatory components 
(e.g., promoters), enhancers function relatively inde¬ 
pendently of their distance and orientation with respect 
to the regulated gene (89,156). The ability of the TCDD- 
responsive domain to function at a distance from the 
transcription start site suggested that the DRE might be 
an engineer (83). To test this possibility, Jones et al. 
isolate the TCDD-responsive domain and inserted it 
into si CAT expression vector, which was designed to 
evaluate the enhancer properties of the insert. Analyses 
of the r*jcombinants by transfection revealed that (a) the 
DRE win function independently of the inhibitory and 
constitutive regulatory components to which it is linked 
in vivo; (h) the DRE can activate transcription from a 
heterologous promoter; (c) the DRE functions relatively 
independently of its distance from the promoter; and (d) 
the DRE functions relatively independently of its ori¬ 
entation with respect to the promoter. These findings 
indicate that the DRE has properties characteristic of 
enhancers. Transfections into receptor-defective variant 
cells revealed that the DRE requires a functional TCDD 
receptor (82). Therefore, the DRE, together with the 
TCDD receptor, constitutes a dioxin-responsive enhan¬ 
cer system. Others have made similar observations using 
an analogous experimental approach (39, 115). The 
mechanism(s) by which enhancers activate transcription 
from a distance is unknown. For example, enhancers 
might (a) produce a change in chromatin structure that 
can be propagated and that converts the nucleoprotein 
to a “tninscriptionally active” form, (6) provide a binding 
site for a factor(s) that then “slides” along the genome 
to the promoter and initiates transcription, or (c) pro¬ 
duce “looping”: of the genome and the formation of a 
stable nucleoprotein complex that is required for the 
activation of transcription (37,142). The TCDD-respon¬ 
sive enhancer constitutes a system appropriate for test¬ 
ing these hypotheses in the future. 

The fact that the dioxin-responsive signalling pathway 
can function relatively independently of the other control 
components (i.e., constitutive and inhibitory) to which it 
is linked would appear to increase the versatility of the 
system as a mechanism for regulating gene expression. 
In principle, the system could function in diverse regu¬ 
latory contexts that generate different patterns of gene 
expression. To begin to test this concept, Jones et al. 
(82) inserted into a CAT expression vector both a DRE 


and a glucocorticoid-responsive element (GRE) in two 
different linear arrangements. When the DRE was po¬ 
sitioned upstream of the GRE (i.e., the arrangement was 
5' -DRE-GRE-promoter-CAT-3'), both TCDD and dex- 
amethasone induced CAT activity independently, and 
CAT expression was additive in the presence of both 
inducers. Thus, in this context, both the dioxin-respon¬ 
sive system and the glucocorticoid-responsive system 
appear to function relatively independently of each other. 
In contrast, when the DRE was positioned downstream 
of the GRE (i.e., the arrangement was 5'-GRE-DRE- 
promoter-CAT-3'), TCDD by itself could induce CAT 
expression, but dexamethasone produced a response only 
if TCDD also was present. Thus* in this context, the 
dioxin-responsive system appears to exert a “permissive” 
effect on the glucocorticoid-responsive system. These 
findings suggest that two different inducible enhancer 
systems can become interdependent when linked and can 
exhibit altered responsiveness, depending upon the reg¬ 
ulatory context in which they are placed It is relatively 
easy to envision that, in other contexts, the response of 
a particular gene to TCDD may be a function not only 
of the TCDD-responsive system itself but also of the 
other control components with which it is linked This 
might be a mechanism which could account for (at least 
some of) the species and tissue specificity that is char¬ 
acteristic of the biological responses to TCDD. The in¬ 
teraction of the Ah and hr loci (94, 141) is a possible 
example of how regulatory systems might act in combi¬ 
nation to control gene expression. In receptor-positive 
(Ah + ) hairless (HRS/J) mice, TCDD produces epidermal 
hyperplasia and promotes skin papillomas only in homo¬ 
zygous animals [hr~/hr~) bearing a recessive mutation 
at the hr locus (94,141). These observations may indicate 
the existence of a regulatory system that can block the 
response to TCDD. For example, suppose the hr locus 
encodes a regulatory protein that blocks gene expression 
by binding to a cis-acting genomic control element. Fur¬ 
thermore, suppose that the inhibitory (hr) system dom¬ 
inates thp stimulatory (Ah) system when the two are 
linked Then, a (hypothetical) keratinocyte gene that is 
under the control of both systems will not respond to 
TCDD unless the two hr alleles have been inactivated 
This type of model might account for the responsiveness 
of hr~/hr~ mouse skin to TCDD. The model makes 
predictions that are testable, in principle. However, the 
mechanisms by which control systems act in combination 
to regulate gene expression remain to be determined 
Knowledge of the principles and mechanisms that govern 
combinatorial control of gene transcription appears fun¬ 
damental to an understanding of major biological phe¬ 
nomena, such as differentiation or carcinogenesis. [See, 
for example, studies of the mouse alpha-fetoprotein gene 
(60)]. The TCDD-responsive system appears potentially 
useful for analyzing the mechanisms of combinatorial 
control in the future. 
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The number of DREs in a regulatory hierarchy may 
also influence the response of the linked gene to TCDD. 
Deletion analyses suggested the presence of multiple 
TCDD-responsive elements upstream of the cytochrome 
Pi-450 gene (83). To examine this possibility, Jones et 
al. performed a more detailed study of the TCDD-re- 
sponsive region in mouse hepatoma cells. Their findings 
revealed the existence of (at least) two distinct, non- 
overlapping DNA fragments, each of which functions as 
a TCDD-responsive element when inserted into a CAT 
expression vector and transfected into wild-type cells. 
Transfections into receptor-defective cells imply that 
each element requires the TCDD receptor for its func¬ 
tion. Each element has the properties of a transcriptional 
enhancer, and each can function independently of the 
other. The combined effects of the two elements are (at 
least) additive (81). Sogawa et al. (159) have also reported 
findings that are consistent with the existence of multiple 
TCDD-responsive domains upstream of the cytochrome 
P-450c gene of the rat. The significance of these obser¬ 
vations is unknown at present. It is possible that the 
association of multiple DREs with the cytochrome P-450 
gene is atypical and that other TCDD-responsive genes 
are linked to a single DRE. A second possibility is that 
multiple DREs are typical of TCDD-responsive genes 
and are advantageous in some way. For example, linking 
DREs in tandem may allow the formation of additional 
protein-protein interactions (e.g., between adjacent 
TCDD-ruceptor complexes) that stabilize a productive 
transcriptional complex, thereby permitting more effec¬ 
tive gen* expression. If so, then increasing the number 
of linked DREs might have a synergistic effect on gene 
express**©. In addition, the spacing between DREs 
(which oatld affect protein-protein interactions) might 
also infhnatice the response of the linked gene to TCDD 
(see, for example, refs. 11 and 162). Experiments de¬ 
signed to itiest these ideas are feasible in principle and 
may reveaNdditional details of the mechanism of TCDD 
action im Hike future. 

The *<#!ration qf cytochrome Pi-450 gene expression 
require* both the TCDD receptor and the DRE. How¬ 
ever, that both components are required does 

not n*«ffl»rily demand that they physically interact 
during process of signal transduction. To address 
this imc^ fDurrin and Whitlock (36) utilized an assay 
which ©figures the accessibility of the DRE in situ 
(deter**©)# by its susceptibility to digestion by an ex- 
onuck©*##s a function of exposure of the cell to TCDD. 
Their in mouse hepatoma cells revealed that (a) 

a sped^ljjitNA region upstream of the cytochrome Pi- 
450 gwlljp protected from exonuclease digestion in 
TCD D4# [peed cells, but not in uninduced cells; (6) 
protecUiBIlpoes not occur in receptor-defective cells; (c) 
protecUigpccurs within 1 h of exposure of the cell to 
TCDIHti protection occurs in the absence of ongoing 
protei©||gphesis; (e) the protected region is in a domain 


that functions as a DRE. These observations imply that 
both the DRE and the TCDD-receptor complex contrib¬ 
ute to the formation of a stable nucleoprotein structure 
that is relatively resistant to exonuclease attack. These 
findings strongly imply that the TCDD-receptor complex 
and the DRE interact in vivo to activate the transcription 
of the cytochrome P r 450 gene. Others have made similar 
observations in studies of the glucocorticoid-responsive 
system (8). The details of the protein-DNA interactions 
and the possible participation of other proteins in the 
activation of gene transcription are interesting issues 
requiring additional research. 

The properties of the chromatin recognition site(s) for 
the TCDD-receptor complex remain to be determined in 
more detail. Sogawa et al. (159) have proposed that the 
inducer-receptor complex recognizes a specific "consen¬ 
sus” decanucleotide sequence that is present in multiple 
copies in the DNA that flanks the 5'-end of the rat 
cytochrome P-450c gene. Interestingly, they observed 
that a synthetic concatemer of one such decanucleotide 
augmented the response of a linked CAT gene to 3MC. 
On the other hand, it is not yet clear that this effect is 
dependent upon the TCDD receptor, because the con¬ 
struct was not tested in receptor-defective cells. Also, 
two copies of the putative recognition sequence are lo¬ 
cated in a DNA region that does not exhibit responsive¬ 
ness to 3MC (159). Thus, the specific chromatin struc¬ 
ture that the TCDD-receptor complex recognizes re¬ 
mains uncertain. While a specific DNA sequence may be 
a necessary constituent of the recognition site, it may 
not be sufficient. In other systems, the binding of a 
regulatory protein to a specific DNA sequence does not 
generate a response unless additional specific protein- 
protein interactions can also occur (13, 57, 71, 86). An 
analogous situation may also exist for the TCDD-respon¬ 
sive system. According to this view, the TCDD-receptor 
complex could bind to a specific DNA sequence; however, 
the binding will not produce a response unless the com¬ 
plex can also form additional interactions with other 
proteins that bind to adjacent regions of the genome. 
Thus, both DNA and protein would contribute to a 
functional recognition site for the TCDD-receptor com¬ 
plex. 

VI. Future Prospects 

The purification and characterization of TCDD recep¬ 
tors remain important areas of research for the future. 
Major advances in this area may occur during the next 
several years. For example, the ability to covalently label 
the receptor with an affinity reagent will allow the use 
of denaturing conditions during the isolation of the 
TCDD-binding protein; this will lead to a much greater 
degree of purification than has been possible previously. 
Antibodies raised against the purified protein (either in 
its denatured form or, possibly, after renaturation) 
should be useful reagents for studying the structural and 
functional domains of the receptor and for its isolation 
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using immunoaffinity techniques. Anti-receptor anti¬ 
bodies should permit more detailed analyses of receptor 
heterogeneity, receptor modification, receptor synthesis 
and degradation, and the temperature-dependent acti¬ 
vation event that occurs during transduction of the 
TCDD sigrnl. In addition, sequence analysis of the de¬ 
natured protein should permit the synthesis of an oligon- 
ucleotide(s) that might be used to isolate the correspond¬ 
ing gene. 

Other approaches to receptor purification may also be 
useful. For example, the functional similarities between 
TCDD receptors and steroid receptors suggest that struc¬ 
tural similarities may also exist. Therefore, it may be 
possible to find antibodies, raised against purified steroid 
receptors, that cross-react with TCDD receptors. Such 
antibodies could be used in receptor purification. In 
addition, we may find that the TCDD-receptor complex 
recognizes a specific DNA sequence. If so, oligonucleo¬ 
tides that contain this sequence may be useful affinity 
reagents for the purification of the TCDD-receptor com¬ 
plex (see, for example, refs. 84 and 149). 

Anti-receptor antibodies presumably could be used to 
clone the gene(s) for the TCDD receptor. An alternative 
approach might be to insert either genomic DNA or 
cDNA into an appropriate expression vector and to use 
the recombinant to complement the lesion in receptor- 
defective variant cells, with the selection procedure de¬ 
veloped by van Gurp and Hankinson (167). Cloning and 
characterization of the TCDD receptor gene(s) will per¬ 
mit studies of its expression and lead to a better under¬ 
standing of the factors which regulate the intracellular 
concentration of the receptor. 

The TCDD receptor presumably consists of multiple 
functional domains, including a ligand-binding domain, 
a DNA (clLromatin)-binding domain, and possibly, a 
domain(s) that interacts with other transcription factors. 
Cloning and expression of cDNA for the TCDD receptor, 
when combined with mutagenesis and gene transfer 
methodologies, should permit a detailed analysis of its 
functional domains (see, for example, refs. 46, 48, and 
105). Furthermore, given the similarities between the 
TCDD rece|[)tor and steroid receptors described above, it 
will be intri guing to learn whether the TCDD receptor is 
a member of the hormone receptor family that is related 
to the viral erb A oncogene (51). 

Variant cells have been very useful in characterizing 
the TCDD-responsive system to date*, the study of addi¬ 
tional variants would seem to be worthwhile in the future. 
For example, Hankinson and coworkers (62) have al¬ 
ready identified by complementation analysis cells which 
presumably contain defects at other steps in the signal 
transduction pathway. In the future, the isolation of 
temperature-sensitive variants would allow us to analyze 
the reversibility of particular steps in signal transduction 
and to study the requirements for the maintenance of 
TCDD-induced changes in gene expression. Selection of 


cells that overproduce TCDD receptors might be useful 
for purifying the receptor and for cloning its gene, as 
well as for studying quantitative aspects of signal trans¬ 
duction. 

A great deal remains to be learned about the mecha¬ 
nism by which the dioxin-responsive element, together 
with the TCDD-receptor complex, functions as a tran¬ 
scriptional enhancer. Mutagenesis and gene transfer 
techniques can be used to define the functional bounda¬ 
ries of various DREs. DNA sequence analyses should 
reveal whether each DRE contains a specific sequence 
that forms part of the recognition site for the TCDD- 
receptor complex. The development of an enhancer- 
dependent in vitro transcription system (see, for exam¬ 
ple, ref. 151) would facilitate the functional analysis of 
the dioxin-responsive pathway. In view of what is known 
about other enhancer systems (126,155), it seems likely 
that the DRE will be found to interact with several other 
proteins, in addition to the TCDD-receptor complex. If 
so, the task of understanding the mechanism by which 
the inducer-receptor complex activates transcription will 
become substantially more complicated. 

The chromatin structure (124, 169, 170) of TCDD- 
responsive genes is an interesting area for future study. 
For example, we know very little about the nucleoprotein 
organization of the DRE and other linked regulatory 
components (38). Are these elements associated with 
histones or other chromosomal [e.g., high-mobility group 
(HMG)] proteins? Are they organized into nucleosomes 
in vivo? If so, how do these structural features influence 
the function of the regulatory elements? If (as seems 
more likely) the DRE does not assume a nucleosomal 
structure in N vivo, why not? What determines the chro¬ 
matin structure of the DRE? Does the nucleoprotein 
structure of the element change upon its interaction with 
the TCDD-receptor complex? If so, is the structural 
alteration local or does it propagate along the chromatin 
fiber? What is the mechanism by which a change in 
structure leads to activation of gene transcription? Fu¬ 
ture studies that address these issues may generate in¬ 
teresting information that is relevant to transcriptional 
enhancement in general. In addition, studies in other 
systems suggest that transcriptionally active regions of 
chromatin may be preferentially associated with the nu¬ 
clear matrix (80, 114). The role that the nuclear matrix 
plays in the cellular response to TCDD may also be a 
productive area for future research. 

We know that TCDD induces the activity of UDP- 
glucuronyltransferase and NADPHtquinone reductase, 
apparently by activating the transcription of the corre¬ 
sponding gene (79, 147, 176). However, we do not yet 
know whether the activation of these other genes occurs 
in the absence of ongoing protein synthesis (i.e., if in¬ 
duction reflects a primary response to the TCDD-recep¬ 
tor complex). For example, others have proposed that 
TCDD induces a protein that secondarily activates a 
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battery of other genes (54, 140). In fact, some glucocor¬ 
ticoid-responsive genes appear to display this type of 
regulation (2, 7). The study of additional (i.e., non- 
cytochrome P-450) TCDD-responsive genes might pro¬ 
vide evidence for a protein(s) that mediates a TCDD- 
induced cascade of biological responses. The isolation 
and characterization of such a factor would be funda¬ 
mental to our understanding of the mechanism by which 
TCDD elicits its diverse effects. The TCDD-responsive 
signalling system could also diminish the rate of tran¬ 
scription of some genes, either directly via the TCDD- 
receptor complex, or indirectly, via the synthesis of an 
inhibitory factor. This idea is testable, in principle. Also, 
the study of additional TCDD-responsive genes can in¬ 
crease our knowledge of how the dioxin-responsive en¬ 
hancer system functions in other regulatory contexts, in 
combination with different promoters, silencers, and en¬ 
hancers. Such information could make a valuable contri¬ 
bution to our understanding of the principles that govern 
the combinatorial control of gene transcription. Appro¬ 
priate TCDD-responsive cell systems are available to 
begin the study of these problems (1, 25, 93,122, 145). 

The results of on-going epidemiological inyestigations 
suggest that exposure to TCDD poses less of a human 
health risk than was once feared, although the issue 
remains somewhat controversial (21, 70, 72, 109, 161). 
Most of us probably have accumulated some TCDD in 
our cells (123); however, it is not clear that this consti¬ 
tutes any measurable risk to the well-being of the general 
population. However, we cannot rule out the possibility 
that certain individuals are relatively susceptible to the 
effects of TCDD, either because of a genetic predisposi¬ 
tion (34, 94, 141) and/or because of exposure to an 
additional environmental chemical(s). Future studies of 
TCDD action at the molecular level may ultimately help 
to clarify this issue and to resolve the uncertainty about 
the risk that dioxin poses to humans. 
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Dioxin Risks Revisited 


, Armed with a new understanding of how dioxin works on the molecular level, a number of 
scientists are challenging EPA to change the way it does risk assessment 


When a disparate group of 38 re- 
searchers and regulators from the United 
, States and Europe got together at a recent 
meeting on dioxin, they reached an agree¬ 
ment that surprised almost everyone. At the 
' Banbury Center at Cold Spring Harbor 
Laboratory, they agreed that before dioxin 
I can cause any of its myriad toxic effects, be 
i they cancer or birth defects, it must first 
bind to and activate a receptor. And this 
unlikely agreement on how dioxin works at 
the molecular level—and some hurried cal¬ 
culations scribbled on a blackboard—could 
; force a dramatic change in how the federal 
I government assesses the risk of this and 
■ similar carcinogen s. 

! After the decades of scientific debate that 
have dogged this chemical, consensus on 
1 anything seems surprising. Scientists have 
been struggling to figure Out just how dan¬ 
gerous dioxin really is ever since it was first 
detected in the late 1950s as a by-product of 
herbicide manufacture. Animal studies have 
shown this ubiqui tous pollutant to be ex¬ 
quisitely lethal, the most potent carcino-, 
gen ever tested. But human effects have 
been notoriously difficult to pin down, as 
shown by the decades-long controversy over 
the dioxin-tainted defoliant Agent Orange. 
Even among highly exposed groups, like the 
people who lived near the chemical plant 
that exploded in Seveso, Italy, in 1976, the 
only undisputed effect until recently has 
been the skin disease chloracne. Just last 
month, however, a new epidemiologic study 
provided what may be the strongest link yet 
between high doses of dioxin and human 
cancer (see boxes on pp. 625 and 626). 

In the absence of definitive human data, 
the Environmental Protection Agency has 
assumed the worst, adopting a linear risk 
assessment model that posits that there is no 
safe level of dioxin and that its toxic effects 
rise proportionately with dose. EPA then set 
a stringent acceptable intake level at 0.006 
picograms per kilogram of body weight per 
day. By contrast, Canada and some Euro¬ 
pean countries, which dismissed the linear 
model as unrealistic, have'set their limits 
about 170 to 1700 times higherthan EPA’s, 
at 1 to 10 picograms per kilogram per day. 
Yet, sighs toxicologist Michael Gallo of the 
Robert Wood Johnson Medical School in 


New Jersey, “It’s the same chemical on both 
sides of the Atlantic.” 

Now comes the Banbury Center meeting. 
Organized by Gallo, Robert Scheuplein of 
the Food and Drug Administration, and 
Cornelius van der Heijden of the National 
Institute for Public Health in the Nether¬ 
lands, it suddenly offered a way out of the 
morass. If receptor binding is indeed the 
essential first step before any toxic effects can 
occur, as the meeting participants agreed, 
then that implies there is a “safe” dose or 
practical “threshold” below which no toxic 
effects occur. And that, in turn, means that 
the model EPA uses is wrong. “It topples the 
linear multistage model,” exclaims Gallo. 

Spurred on by the Banbury meeting, 
Gallo and others are now urging EPA and 
the other federal agencies to abandon that 


will also be applicable to other carcinogens 
that work through receptors, “This is bigger 
than dioxin.” 

EPA scientist Linda Birnbaum, director of 
the environmental toxicology division of 
EPA’s Health Effects Research Laboratory in 
North Carolina, is no less enthusiastic. “It’s a 
new way to do risk assessment. We can set a 
limit below which there cannot be an effect, 
on a mechanistic basis. Instead of saying we 
know nothing and have to extrapolate back 
to zero, we are saying we know a hell of a lot 
and can make predictions.” 

But everything about dioxin is conten¬ 
tious, and the Banbury meeting sparked its 
own share of dispute. Consensus broke down 
on just what such a receptor-based model 
would predict in terms of dioxin’s danger. 
Gallo and Scheuplein contend that the new 



Dioxin concentration 

A dioxin receptor model. New findings suggest that responses to dioxin increase slowly at 
first hut then shoot up after passing a critical concentration. 


model, which they use as a “default” model 
for lack of a better alternative, and try to 
predict dioxin’s risk based on a molecular 
understanding of how the chemical works. 
When EPA regulators adopted the default 
model for carcinogens in the late 1970s, 
their intention was always to replace it with 
something more appropriate—once they 
knew enough to do so. But that has rarely 
happened. “If we can’t do it for dioxin, for 
which we have so much information, then 
we probably can’t do it for anything,” says 
Gallo, who thinks that this new approach 


model will show dioxin to be far less risky 
than U.S. agencies now calculate. Others, 
like George Lucier of the National Institute 
for Environmental Health Sciences (NIEHS) 
in North Carolina, say such speculation is 
premature. And Ellen Silbergeld, a toxi¬ 
cologist formerly with the Environmental 
Defense Fund and now at the University of 
Maryland, thinks speculation that dioxin is 
less risky may be dead wrong. 

And even if the new model does indicate 
that EPA’s risk number is far too conserva¬ 
tive, revising it would be horrendously dif- 
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tkult—especially for, a molecule as politi¬ 
cally charged, as dioxin. Gallo calls the sub¬ 
stance a powerful “Hagen,” referring to the 
scores of lawsuits that have been filed by 
people alleging health effects from environ¬ 
mental exposure to dioxin. Michael Gough 
of the Office of Technology Assessment and 
author of Dioxin: Agent Orange predicts “a 
tremendous uproar from environmental 
groups and Congress.” Indeed, John Moore 
tried to revise both the dioxin risk number 
and the model during his tenure as assistant 
administrator for pesticides and toxic sub¬ 
stances at EPA. He was foiled both times, 
essentially because the scientific rationale 
wasn’t strong enough. 

Now it may be, thanks largely to the 
Banbury meeting, says Moore, who now 
heads the Institute for Evaluating Health 
Risks in Irvine. What tipped the scale is not 
so much new experimental data as the accu¬ 
mulating weight of evidence. Indeed, 
awareness that dioxin binds to a specific 
receptor, known as the Ah, or aromatic 
hydrocarbon receptor, goes back to work 
done in the 1970s by Alan Poland of the 
University of Wisconsin. Since then, the 
nagging question has been whether all of 
dioxin’s effects—including cancer—are 
mediated through the receptor. 

That question was at last laid to rest at 
Banbury. When researchers pooled their 
data, they realized that for every effect stud¬ 
ied so far, in every experimental system, 
binding to the receptor was the first and 
essential step. Indeed, no effect can occur 
until the receptor-dioxin complex is acti¬ 
vated and transported to the cell nucleus, 
where it interacts with the DNA and sets off 
a cascade of events. Poland cautions, how¬ 
ever, that someone may yet turn up an effect 
that is not mediated this way. 

What’s more, says Gallo, drawing on clas¬ 
sic receptor-occupancy theory, several 
thousand of the receptors have to be occu¬ 
pied before any biological response is seen— 
though the exact number is a matter of 
considerable controversy. To Birnbaum of 
EPA, “The key point is that there is a dose 
of dioxin below which the receptor does not 
function, and if it is not activated, there can 
be no effect, - ’ though she and others shy 
away from saying there is a threshold in the 
strict sense. The upshot, most but not all of 
the Banbury participants agreed, is that the 
straight line predicted by the linear multi¬ 
stage model is wrong.;Instead, the curve at 
its lower end looks like a hockey stick in 
which the response increases very slightly at 
low doses, along the blade, and then shoots 
up almost linearly at the bend in the stick. 

The key question, then, is where the re¬ 
sponse shoots up in humans, which the 
group set oui: to determine in a flurry of 
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High Dioxin Dose Linked to Cancer 

For two decades now a debate has been raging about 
whether dioxin causes cancer in humans. Animal 
studies have shown one form of dioxin, TCDD, to be 
the most powerful carcinogen ever tested, earning it a 
reputation as a pariah, the Darth Vader of chemicals. 

But human epidemiologic studies, which have been 
hampered by insufficient exposure data or small num¬ 
bers, have been equivocal. Over the past few years a 
“revisionist” school has emerged, asserting that, in the 
absence of any definitive cancer link in humans, dioxin 
must have been given a bum rap. Now, a new study by 
federal scientists presents what many consider the 
strongest evidence yet that dioxin is indeed a human 
carcinogen—but apparently only at exceedingly high 
doses. In an editorial accompanying the study, which 
was published in the 24 January issue of The New 
England Journal of Medicine^ biostatistician John Bailar III of McGill University in 
Montreal calls it “a model of its kind. We are likely to wait a long time for appreciably 
better or broader evidence of the effects of TCDD on human health.” 

In the exhaustive study, which took nearly 13 years to complete, Marilyn Fingerhut 
and her colleagues at the National Institute for Occupational Safety and Health 
examined the mortality records of essentially all U.S. chemical workers exposed to 
dioxin on the job from 1942 to 1984: a total of 5172 men at 12 different plants. What 
sets the study apart, other than its size, is that this is probably the most highly exposed 
population ever studied, says Fingerhut. What’s more, their exposure was well 
characterized. The NIOSH team measured TCDD levels in the blood serum of 253 
of the workers. The result: the levels correlated well with their surrogate measure, 
which was how long a worker was in a dioxin-contaminated job. 

The workers overall had a 15% increase in mortality from all cancers. But that 
picture changed dramatically once the cohort was divided into a low-exposure and 
a high-exposure group. Low exposure was defined as working less than 1 year in a 
dioxin-contaminated job; high exposure as 1 year or more. The men in both groups 
had their first occupational exposure to dioxin at least 20 years earlier, allowing for 
a 20-year latency period for cancer. In the low-exposure group, there was no 
increased risk of cancer, even though those men were exposed to dioxin levels an 
estimated 90 times higher than the general population. By contrast, the high- 
exposure group, who received doses estimated to be 500 times higher than the 
general population’s, had an almost 50% excess risk of dying of cancer. The increase 
was mostly in soft tissue sarcomas, a form of cancer linked to dioxin in other 
epidemiologic studies. But there was also an unexpected increase in cancers of the 
respiratory system. The study did not show a significant increase in the handful of 
other cancers that have been linked to dioxin in epidemiologic studies. “Even a study 
this large, with all the workers in the U.S., has limitations in size for looking at 
individual cancers,” explains Fingerhut. 

The study has other limitations as well. For one, workers were exposed to other 
occupational chemicals, often for 20 years, and the epidemiologists could not control 
for their effects. Nor could they control for smoking. Fingerhut thinks neither factor 
is likely to explain the excess cancer risk, but she cannot definitively rule out that 
possibility. Nevertheless, she sees the study’s outcome as very dear, writing: “The 
increased mortality is consistent with the status of TCDD as a carcinogen.” This study 
probably defines the upper end of human effects, adds Fingerhut, who leaves it to others 
to speculate about what it means for people exposed to lower doses of dioxin. 

Will this study settle the dioxin controversy? Not likely, if newspaper headlines are 
any indication. “Extensive Study Finds Reduced Dioxin Danger,” heralded The 
Washington Post. “High Dioxin Levels Linked to Cancer,” warned The New York 
Times. And the study is already being cited as evidence in the flap over Monsanto’s 
alleged falsification of its dioxin studies (see box on p. 626). Indeed, Bailar predicted 
that “parties on both sides of the continuing debate about the regulation of dioxin 
exposure will no doubt cite this work in support of their positions.” ■ L.R. 
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es.cucmcnt on the last day <>f the meeting. 
Instead of direct measures of receptor bind¬ 
ing, they used a handy surrogate: the in¬ 
creased activity of the cytochrome P450 
enzyme system, widely considered the most 
sensitive response 1:0 dioxin in all species. 
No toxic effects are known to occur at levels 
below those required for enzyme induction. 

After reviewing data on the necessary dose 
for enzyme induction in all species, Gallo, 
Birnbaum, Scheuplein, and others took turns 
at the blackboard, trying to calculate what 
the “safe” level in humans might be. Their 
rough, back-of-the-envelope calculation: 1 
to 3 picograms per kilogram per day—several 
hundred times higher than current U.S. 
standards and in the same ballpark as those 
set by some European countries, which ar¬ 
rived there by an entirely different method. 

Not so fast, says Maryland’s Silbergeld, 
who cautions against “replacing one stupid 
model with another.” For one, a receptor- 
based model does not necessarily predict a 


“hockey stick” curve, nor does receptor bind¬ 
ing necessarily imply a “safe” dose, says 
Silbergeld, who thinks her colleagues are 
underestimating the intricacies of receptor 
theory. Nor is she convinced “that the result 
[of the new model] will be that different 
from EPA’s current figure. As a scientist, I 
object to the EPA model. But [its predic¬ 
tions] may be very, very close, for totally 
irrelevant reasons.” 

Working with EPA scientists, Gallo is 
now setting out to refine the risk number 
for dioxin. George Lucier and his colleagues 
at NIEHS are doing the same. The idea is to 
build a conceptual model of cellular re¬ 
sponses to dioxin and then turn that over to 
mathematicians to develop a predictive tool 
to estimate dioxin’s risks—not just for 
cancer but for any toxic endpoint. William 
Farland, who runs the dioxin risk assessment 
effort at EPA, expects a “straw man” model 
to be complete in about a year. The next step 
would be to see if it passes muster with the 


scientific community—and if it in fact offers 
an advantage over the status quo. “This is an 
improvement, not a cure-all,” warns Lucier. 

Once the model is complete, perhaps the 
biggest question, in terms of dioxin’s danger, 
is the background exposure of the general 
population, which comes chiefly from diet 
but also from environmental sources. If back¬ 
ground exposure is comfortably below the 
practical “threshold” needed for receptor 
activation (point B in the figure), then there 
may indeed be a safe dose. But if background 
exposure is higher, near the “threshold” 
(point A), “then there is no margin for ad¬ 
ditional exposure,” says Moore. Background 
exposure is now estimated to be about 1 
picogram per kilogram per day—slightly be¬ 
low the rough “safe” number the Banbury 
group came up with—which may not leave 
much room for additional exposure. 

At this juncture, EPA officials are enthusi¬ 
astically embracing the new scientific ap¬ 
proach. Don Barnes, a dioxin expert and 
executive director of EPA’s Scientific Advi¬ 
sory Board, talks of “a real breakthrough, a 
sea change in our view of dioxin.” In fact, the 
topic is deemed important enough that a 
special briefing is planned for EPA adminis¬ 
trator William Reilly and top agency officials. 

But how far is EPA likely to go if the 
modeling exercise does reveal that dioxin is 
less risky than the agencies now' calculate? 
Gough of OTA, for one, thinks that the 
answer is not very far: “Dioxin is the most 
potent carcinogen ever tested. If they back 
off this one, they will open the door to every 
chemical manufacturer in the world” whose 
chemical acts in the same way. “That is a 
door they will reluctantly open.” Gallo con¬ 
tends that the door will open just a crack, as 
there are less than a dozen carcinogens 
known to work the way dioxin does. And he 
predicts that the new’ receptor-based risk 
model will cut both ways: some carcinogens 
will turn out to be far riskier than now 
predicted; others, like dioxin, less risky. 

Moore agrees that change will not be 
easy. “For issues this emotional, you have to 
be purer than Caesar’s wife anytime you 
propose to change the status quo. There 
would have to be a fair degree of support 
within the scientific community for it to 
come to pass, especially if the potential 
change is a ‘relaxing’ of the number.” 

Eric Bretthauer, EPA’s assistant adminis¬ 
trator for research and development, con¬ 
cedes that u the agency hasn’t traditionally 
relaxed numbers.” But, he says, “I think 
there is a willingness at the policy level to 
take it on. My view’ is we have to be open to 
changes in science, whatever their effect on 
regulatory policy.” He adds, however, that 
“the science has to be very clear.” 

■ Leslie Roberts 
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Monsanto Studies Under Fire 

i The Environmental Protection Agency has launched a criminal investigation to 
determine whether Monsanto Corp. of St. Louis falsified three epidemiologic studies 
of its workers, winch showed no increased health risks from dioxin other than the skin 
disease chloracne. The investigation, which EPA is mandated to conduct in response 
to a petition requesting it from the activist group Greenpeace USA, should resolve, 

; once and for all, the allegations that have been swirling around these studies for 
almost a year. EPA officials would not confirm or deny the existence of the 
I investigation, but Science obtained internal agency memos discussing it. 

The EPA has not notified Monsanto that it is under investigation, but says Dan 
i Bishop, the company’s director of communications, “We hope there is one, we 
welcome it. It is the only way to put this matter to rest.” In fact, the company wrote 
to EPA twice over the past few months, begging the agency to perform a scientific 
| audit of the studies. Bishop calls the fraud allegations “bald-faced lies.” 

; The main charges are that Monsanto epidemiologists misclassified exposed work¬ 
ers as unexposed in their control group and that they omitted workers who had died 
of two cancers that have been linked to dioxin exposure in other epidemiologic 
studies. The charges first came to light last February when a plan tiff’s lawyer in 
Kemner v. Monsanto , a case involving a tank-car accident, reviewed the studies, 
decided they were fraudulent, and alerted the press to the alleged cover-up. That 
brought in Green peace, and also Cate Jenkins, a chemist in EPA’s regulatory branch. 

! She has since made the Monsanto studies something of a personal crusade, petitioning 
EPA’s Science Advisory Board to audit these and other studies, and meanwhile 
sending numerous copies of her memos to various environmental groups, Vietnam 
veterans organizations, and her friends on Capitol Hill. Jenkins maintains that 
Monsanto’s studies have directly affected how r EPA regulates dioxin. Other agency 
; officials deny that, saying that EPA’s current—and very stringent—standard for 
i dioxin exposure is based on animal studies. 

Everyone Scisree spoke with who is familiar with the Monsanto studies agrees that 
they are flawed, but probably not as the result of criminal intent. The scientific 
. questions about the studies may now' be moot, however, as all but six of the 
; Monsanto workers in the three studies have been carefully reexamined as part of a 
: larger federal study just published, which suggests that high dioxin doses can cause 
: human cancer (see box on page 625). The other questions may be tougher to resolve. 
When EPA completes its investigation, the agency will report to the Justice De¬ 
partment and recommend either that they prosecute or dose the case. ■ LJL 
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LEAD TOXICITY 


Case study for short course on Risk Analysis in Occupational 

and Environmental Health 

School of Public Health 
Harvard University 

September 4-6, 1991 


Lead has been chosen for a case study, because it brings out a lot of 
different issues related to risk analysis. Moreover it is a problem of active 
interest at the present time. 

Lead acetate has been shown to be carcinogenic in animals, but lead acetate 
is not usually the form in which humans are exposed. An exception is the men's 
hair dye GRECIAN FORMULA which consists of lead acetate, but risk analyses both 
by the manufacturer and by FDA have shown that normal application to the scalp 
produces risks of less than one in a million per lifetime. It will not therefore 
be of concern to us here. 

EXPOSURE 

There are several exposure routes: 

(1) Dermal application of lead acetate as a hair dye 

(2) Ingestion of lead from 

(i) water from lead pipes 

(ii) water from pipes soldered with lead solder 

(iii) eating from lead glazed dishes 

(iv) eating vegetables grown in soil containing lead 

(v) leaching of lead from crystal and plastic food bags 

(3) Childhood ingestion of (i) peeling lead paint 

(ii) house dust from lead paint 

(iii) lead from soil 

(4) Inhalation of lead oxide (i) from combusted leaded gasoline 

(ii) from suspended soil dust 

(5) Inhaled/ingested lead from home renovation/paint stripping and 
welding/soldering. 

The calculation of exposure in environmental cases is often complex and 
fraught with approximations and possibly errors. Whenever the dose can be 
measured directly, it is clearly superior to using a complex calculation of 
exposure and deriving the dose. Lead has appeared in the blood, and blood lead 
measurements can be and have been made. The averaging time for blood lead 
measurements is not completely known but it is longer than a day, and shorter 
than a lifetime. Dentine (tooth) lead and bone lead levels have often been taken 
and are regarded to be superior when available. Blood lead levels can either be 
taken by themselves, or as calibrations for the complex exposure calculations. 
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Today's major concerns are the neurobehavioral effects on children and 
blood pressure effects on adults. At the turn of the century, levels of lead in 
the blood averaged 30 yg/dl in major cities, and often exceeded 100 jig/dl. There 
were many cases of overt toxicity. Now the concentrations are down in the range 
5 to 20 jig/dl, the question arises: are there non-overt cases of intoxication? 

Is there a threshold for such effects? and what are the effects on public health 
as a whole? 

It is these questions that we ask you to think about. 

Questions for consideration during the course 

The carcinogenicity of organic compounds is considered for each compound 
separately. For example, chlorine by itself is not considered to be a 
carcinogen, but many chlorinated organic compounds are. Does the same rationale 
apply to inorganic compounds? Should we regard all lead compounds as 
carcinogenic because lead acetate is? 

What are the requirements for a direct dose measurement? Why is not 
presence in urine usually considered a good indicator of dose? Is it a good 
indicator of exposure? 

What would be the best marker for cumulative lead exposure? 

Should we be more or less careful in our (a) calculations (b) regulatory 
criteria because we have a more direct dose measurement than for most pollutants? 

Is it likely that there is a linear dose response relationship for effects 
of lead on: 


(i) IQ? 

(ii) neurobehavioral development? 

(iii) blood pressure? 

Several people have found that blood lead does not increase proportionally 
with soil lead above 2000 ppm in soil. What are the implications for a dose 
response relationship? 

There is a statistical reverse correlation of IQ with blood lead. What is 
the direction of causality? Does eating lead paint cause low IQ? Or do people 
with low IQ live in houses where the children eat lead paint? How can one tell? 

What are the public health implications of a 4 point reduction of IQ with 
levels of lead at 40 iig/dl? Of two 3 point increase in blood pressure 
of 40 jjg/dl? ' 

The average blood lead seems to have fallen from 30 ug/dl in 1990 to below 
10 today: 

(i) What is/are the reason/s for the reduction? 

(ii) Is it low enough? 

(iii) How can one tell? 

(iv) If there are bad effects at 10 jig/dl why were they not overt at 30? 
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(3) Paper: Silbergeld, E.K. "Lead in Bone: Implications for Toxicology 
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Vol. 322, No. 2 ,pp. 83-88 (1990). 


Source: h ttps://www.indu strydocurne nts.ucsf.ed ii/rinnfi/nthlonflQ 


2025546257 



-4- 


CALCULATION FOR SOIL INGESTION 

Factors to be measured express results as: 

Concentration of Pb in soil Mean (Geometric) Deviation 

Amount eaten by children Mean (Geometric) Deviation 

Absorption by gut Mean (Geometric) Deviation 

(includes solubility) 

Relationship of blood lead to gut absorption 

The resultant blood level is the product of all 4 factors. 

To the extent that the factors are independent, and the relationships are 
linear, the deviation of distribution of the blood lead is obtained by taking the 
root mean square of the deviations of the individual distributions. 
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Lead 


August 21, 1990 


CAS #7439-92-1 (1) 

Molecular Weight: 207.2 (1) 

Criteria and Standards 

EPA. Group B 2 Carcinogen 

Cancer Potency Factor (CPF): None established due to uncertainty and importance of 
other health effects at low levels (2) 

Reference Dose (RfD): No threshold level established, since very low levels are known to 
cause adverse health effects, especially in children. Current risk assessment 
methodology involves calculating the projected population distribution of blood lead 
levels associated with various exposure scenarios. (2) (15) 

Maximum Contaminant Level Goal: 20 /tg/1, proposed (drinking water) (2) 

Maximum Contaminant Level: 50 /tg/1, promulgated (drinking water) (2) 

Ambient Water Quality Criteria: 50 /tg/1, based on ingesting aquatic organisms and drinking 
water (2) 

Ambient Water Quality Criteria: 50 /tg/1, adjusted for drinking water only (2) 

Acute Intake Chronic: 1.4 x 10' 3 mg/kg-day, oral (3) 

4.3 x 10' 4 mg/kg-day, inhalation (3) 

Health Advisory: 20 /tg/day (lifetime, drinking water) (3) 

American Conference of Government Industrial Hygienists: 

Threshold Limit Value-Time Weighed Average: 0.15 mg/m 3 , airborne inorganic dust 
and fumes, as Pb (4) 


T2 1 r821h!0.006 
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Centers for Disease Control: 

Elevated Blood Lead Level for Children: 25 /ig/dl (associated with a blood 
erythrocyte protoporphyrin level of 35 /ig/dl or greater (11) 

Chemistry and Uses 

Lead is a heavy metal that exists in one of three oxidation states 0, +2, and +4. Metallic 
lead and common lead minerals are relatively insoluble in water, however, organic lead 
compounds are water soluble (5). Metallic lead is used as a major component of many 
alloys such as solder, print-type metal, and many bronzes. Lead compounds also have a 
wide variety of uses as paint pigments, in storage batteriesm, and in ceramics (1). 

Pharmacokinetics 

Approximately 8% of the lead ingested by human adults is thought to be absorbed. 
Absolution rates in children are higher, for example, children are thought to absorb as much 
as 45-50% of lead in foods (8). This absorption level is generally higher in animals or 
humans that have been fasting. The absorption rate for human infants is approximately 
50%. Lead is also absorbed after inhalation; reported pulmonary deposition rates as range 
from 30% to 50%. 

After being absorbed by the body, most lead compounds dissociate, yielding inorganic lead. 
Tetraethyl and tetramethyl leads are dealkylated to tri- and di- alkyl compounds which are 
more toxic than the parent compounds. In human adults, under conditions of long-term 
exposure, approximately 95% of the total amount of lead found in the body is localized in 
the skeleton. In the blood, most lead is found in the erythrocytes. Lead also readily crosses 
the placenta. In most species, the main route of excretion is through the bile. However, in 
baboons and humans, urine appears to be the primary route (5,8). 
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Toxicity 


Systemic Effects 

Human 

At high exposure levels, lead produces encephalopathy, gastrointestinal effects, anemia, 
nephropathy, and electrocardiographic abnormalities. These effects are primarily seen in 
acutely poisoned children or in adults from occupational exposures. Lower level exposure 
to lead in all humans can affect the synthesis of heme, which, in turn, affects metabolic 
processes and decreases vitamin D circulating in the body, reducing calcium stability in the 
body. 

Inhalation of airborne lead is generally a minor exposure pathway for children, but ingestion 
of lead-containing particles in dust can contribute significantly to children’s lead exposure 
(11). Effects of great concern from low level lead exposure include neurobehavioral 
decrement and growth retardation in infants exposed prenatally and children exposed 
postnatally. Based on blood lead concentrations, no clear threshold for neurobehavioral 
effects; has been shown from low level lead exposures resulting in blood lead levels < 10-15 
/tg/dl (9). 

Increased blood pressure from low level lead exposure in middle aged men has been 
observed following low level lead exposures. An effects threshold for increased blood 
pressure in men has not been defined; several studies have failed to find one while one 
longitudinal study suggests of threshold of 30 /rg/dl (16). 
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Animal 


In experimental animals, effects associated with exposure to lead and lead compounds are 
simila r to those in humans. Observed effects have included weight loss, decreased survival, 
and neurological, cardiovascular, and kidney effects. Several studies with experimental 
animals suggest that lead may interfere with the immune response (5). 

Carc ino genicity 

Human 


The EPA has classified lead as a Group B 2 Carcinogen. Data concerning the carcinogenicity 
of lead in humans are inconclusive. There is no evidence that oral exposure produces a 
tumor response. Although studies of occupational inhalation exposure have produced largely 
negative results, increases in cancer of the digestive organs, respiratory system and kidney 
have been reported (2,6,19) 

Animal 

There is evidence in experimental animals that lead salts are carcinogenic in both mice and 
rats, resulting in tumors of the kidneys after either oral or parenteral administration. Most 
of the investigations found a carcinogenic response only at the highest dose. It is unclear 
how tin’s effect relates to the lower level exposures typical to humans. Metallic lead, lead 
oxide and lead tetralkyls have not been tested adequately. No studies are available on the 
carcinogenic potential of lead compounds via inhalation (2). 

Mutagenicity 

In a number of DNA structure and function assays, lead has been shown to affect the 
molecular processes associated with the regulation of gene expression. Lead acetate induces 
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cell transformation in Syrian hamster embryo cells and enhances the incidence of simian 
adenovirus induction. Lead oxide demonstrates a similar enhanced adenovirus induction. 
Under certain conditions, lead compounds may induce chromosomal aberrations in vivo and 
in tissue cultures. One study showed a relationship between sister chromatid exchange and 
lead exposure in exposed workers (2). 

f 

Reproductive Effects 

In experimental animals, various non-teratogenic reproductive effects have been observed 
including developmental delays, decreased fertility, and fetotoxicity. No reproductive effects 
from human oral exposure to lead have been reported; however, occupational inhalation 
exposures have been linked to altered testicular function, increases in spontaneous abortion, 
premature delivery, and early membrane rupture (5). 

Basis fo r Lead Criteria 

The classification of lead as B2, probable human carcinogen, is based on sufficient animal 
data ' nd insufficient human data. Ten rat bioassays and one mouse assay showed 
statistically significant increases in renal tumors with dietary and subcutaneous exposure to 
several soluble lead salts. The most characteristic cancer response is bilateral renal 
carcinoma, however, there is some evidence of multiple tumor sites (2). 

Cancer risk due to exposure to lead involves many uncertainties, such as age, health, 
nutritional state, body burden and exposure duration which influence the absorption, release 
and excretion of lead. In addition, current knowledge of lead pharmacokinetics indicates 
that an estimate derived by standard procedures would not truly describe the potential risk. 
Therefore, the EPA does not currently recommend a specific cancer potency factor (2). 

The water quality criteria of maximum contaminant level goal (MCLG) is based on 
neurological effects of lead in infants and adverse effects associated with blood lead levels 
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of 15 jiig/dL Using a conversion factor of 6.25 to convert from blood lead concentrations to 
drinking water lead concentrations and an uncertainty factor of 5, the MCLG of 20 /ig/1 was 
proposed (2). 

The Centers for Disease Control (CDC) has defined an elevated blood lead level for 
children, which reflects excessive absorption of lead, as a confirmed concentration of lead 
in whole blood of 25 /tg/dl or greater (11). This level is based on several studies. For 
example, a study of children living near a lead smelter found an erythrocyte protoporphyrin 
(EP) r esponse at blood lead levels ranging between 10 and 20 jig/dl. Although the biologic 
threshold for lead toxicity, based on an EP response, is thus less than 20 /ig/dl, CDC set the 
criteria for screening based on several additional factors including acceptability, cost- 
effectiveness, and the feasibility of effective intervention and follow-up. Thus, the CDC- 
recommended intervention lead level is 25 /rg/dl, associated with an EP level of 35 (ig/d\ or 
greater. The CDC is currently reviewing the blood lead level of concern; the guideline is 
expected to be revised downward, but it is unclear whether CDC will consider the distinction 
between blood lead levels associated with prenatal, and, hence, maternal exposures and 
those associated with post-natal exposures. (17). 

Risk characterization of lead exposure generally involves using mathematical models to 
predict blood lead levels that will result from any given range of lead uptake rates. These 
models allow blood lead levels to be related quantitatively to uptake rates and can provide 
estimates of the frequency distribution of blood lead levels associated with any given uptake 
lead exposure scenario. 

The Integrated Uptake/Bioldnetic (IU/BK) Model, developed for of the U.S. Environmental 
Protection Agency, accepts either monitoring data or estimated values for the levels of lead 
in various media. The model predicts mean levels of lead in blood, bone, liver, and kidney 
for children of different ages. These mean blood lead levels and an estimated geometric 
standard deviation for blood lead levels in humans can be combined to predict the frequency 
distribution for population blood lead levels (15). 
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The Society of Environmental Geochemistry and Health (SEGH) Task Force has developed 
a statistical model for estimating acceptable soil lead levels based on a desired mean and 
range of blood-lead levels. This model utilizes statistical relationships (developed from 
epidemiological analyses) to describe the contribution of soil sources and non-soil sources 
to blood lead. Unlike the IU/BK model, the SEGH model does not require the use of 
assumptions for soil-dust transfer coefficients, soil ingestion rates, and lead bioavailability. 
Instead, the SEGH model utilizes site-specific environmental health data, such as individual- 
specific soil lead and blood lead levels, to determine the slope relationship between soil lead 
and blood lead in the population being studied (18). Once the slope relationship has been 
established, the frequency distribution of blood lead levels associated with given soil-lead 
levels can be determined. 
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Lead in Bone: implications for Toxicology 
during Pregnancy and Lactation 

by E. K. Sllbergeld* 


Advances in understanding the distribution and retention of lead In mineralized tissues are im¬ 
portant for two reasons: first, bone lead may be a more accurate dosimeter of integrated absorption 
associated with chronic exposures, and second, bone lead may be a source of internal exposure to the 
host organism. Little attention has been paid to this second aspect, the remobilization of lead from 
bone. Mobilization of lead from bone is lively to occur during periods of altered mineral metabolism; 
since calciotropic factors determine the uptake and storage of lead in this compartment, changes in 
calcium-related regulatory factors are likely to affect lead compart men tat ion. Calcium metabolism 
changes drastically in humans d uring pregnancy and lactatio n; although relatively little is known 
of lead kinetics during these critical periodsTItTis likely thaFbone lead is mobilized and transferred 
to the more bioavailable compartment of the maternal circulation, with potential toxic effects on the 
fetus and the mother. 


introduction 

The title of this conference, “Lead in Bone, Implica¬ 
tions for Etosimetry and Toxicology,” examines two op¬ 
portunities presented by the ability to measure lead in 
bone The first opportunity is the improvement in 
evaluating lead dose, particularly chronic, integrated 
dose, or the influx of lead into bona The second oppor¬ 
tunity is the ability to study lead in bone as a source 
of internal lead exposure, or the efilux of lead from 
bona Understanding the effects of lead on reproduc¬ 
tion will lbe advanced by using bone lead measure¬ 
ments for both influx and efflux of lead into this com¬ 
partment. 

The eflects of lead on fetal growth, intrauterine de¬ 
velopment, and postnatal status have long been of con¬ 
cern in occupational and environmental medicina 
More recently, several large epidemiological studies 
have reported deficits in early infant development ob¬ 
served in children born to mothers whose blood lead 
levels duri ng pregnane/ were only slightly elevated a s 
c omparediboacontrol group (1-3 ). Because these expos- 
ures, as measured by blood lead, fall within the range 
found in much of the population of the United States, 
the findings have implications for defining perinatal 
lead toxicity as an epidemic ( 4 ). Further definition of 
dose response and understanding of critical time peri¬ 
ods during pre- and postnatal development for the 
neurotoxic effects of lead are critical for designing ap¬ 
propriate: {screening and intervention. The data cur- 
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rently available do not clearly separate the effects of 
prenatal exposure from those of postnatal exposure, 
particularly in terms of relative persistence. 

The two large-scale prospective studies on lead ex¬ 
posure in the U.S. ( 1 £) and the prospective study un¬ 
derway in Yugoslavia (5), may provide data that will 
help to define these issues. At present, the results from 
the Cincinnati studj((2||have been interpreted to sup¬ 
port a hypothesis th at prenatal lead exposure results 
in more persistent deficits in behavior tnan does early 
postnatal exposure, while the Boston study(U^ results 
appear to support the opposite hypothesis. 

A complication in interpreting these studies lies in 
major uncertainties concerning lead toxicokinetics 
during pregnancy. The most commonly used marker 
for lead exposure is the measurement of lead in blood, 
which is a useful indicator of relatively recent or 
steady-state lead exposure given that the half-life of 
lead in this compartment is only 35 days (6). The inter¬ 
pretation of these studies is based on the assumption 
that blood lead levels usually measured once, at deliv¬ 
ery, accurately reflect exposure of the mother and the 
fetus over pregnancy. However, blood levels change 
over pregnancy, and lead is rapidly transferred across 
the placenta to the fetus (7). 

To evaluate fully the significance of fetal lead expos¬ 
ure, it is critical to know the determinants of fetal lead 
dose. Total fetal dose reflects not only the transfer of 
lead derived from mother to fetus associated with the 
mother’s exposures during her pregnancy but also the 
transfer of lead stored in the mother accumulated over 
her prior history of lead exposure. 

In addition, the mobilization of lead from bone dur¬ 
ing pregnancy end lactation may have toxic effects 
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ipon the mother. Lead toxicity must reflect the phar¬ 
macodynamic interactions of lead with its intracellu¬ 
lar sites of toxic action; the more frequently and in¬ 
tensively atoms of lead pass by these receptors, the 
more likely cell and organ level toxicity will be pro¬ 
duced. From the perspective of the receptor, a recycled 
atom of lead is the same as a newly absorbed atom. 
Mobilization of bone lead into the circulation increases 
the amount of lead in the proximately bioavailable 
compartment of the plasma. 

This paper will discuss evidence for the hypothesis 
that mobilization of maternal lead stores occurs dur¬ 
ing pregnancy and that this mobilization is an impor¬ 
tant factor in overall fetal exposure and potential toxic 
effects to both mother and fetus. Although the focus of 
this paper is on maternal-fetal lead toxicokinetics and 
toxicity, it is not meant to imply that these are the only 
effects of significance related to lead and perinatal de¬ 
velopment. Male-mediated exposures and effects of 
lead on male reproduction are not considered in this 
paper, but may well be of importance in assessing the 
overall significance of relatively low-level lead expos¬ 
ures on reproduction and child development. 

The paper will review available data on lead kinetics 
during pregnancy and lactation from both clinical and 
experimental studies and the few case studies of effects 
observed in mothers and children. It will also review 
what is known of mineral metabolism during preg¬ 
nancy since the factors regulating mineral metabolism 
hat respond to the physiological and hormonal chang¬ 
es during these periods also affect lead storage and 
bioavailability. 

Lead Toxicokinetics during 
Pregnancy and Lactation 

Human Data 

Our informa tion on the toxicokinetics of lead during 
pregnancy is indirect. As noted by Miller (5), kinetic 
studies in pregnancy must account for complex interre¬ 
lationships involving three compartments: the mother, 
the fetus, and the placenta. For studies involving post¬ 
natal exposure via lactation, the child and the addi¬ 
tional compartment of breastmilk must be included. In 
; clinical studies, these three compartments are not 
readily available at the same time for sampling and 
analysis. Unfortunately, in most experimental studies, 

; these compartments have not been studied in an inte¬ 
grated manner. 

For lead, within humans, both mother and fetus, 
there are several compartments of kinetic importance: 
blood, soft tissue, and bone (9). As discussed by Rabin- 
owitz (5), each of these compartments may have several 
binding and storage sites with internal fluxes that reg¬ 
ulate overall intercompartmental fluxes and eventual¬ 
ly maternal-fetal lead kinetics. 

Two types of studies of maternal blood lead levels 
' ,iave been conducted during pregnancy: cross-sectional 
and longitudinal. The cross-sectional studies of women 


at different stages of pregnancy show a tendency for de¬ 
creased blood lead from the fir st to second trimest er 
and relatively little change thereaiter (10 J IJL However T 
these~~cross-sectidnal studies msy^Be confounded by 
age, which is a significant factor in determining blood 
lead levels and which may influence mineral metabo¬ 
lism (see below). The longitudinal studies, following 
cohorts over pregnancy, have not shown clear trends 
( 12,13 ). Studies of blood lead at delivery, based upon 
sampling fetal blood from the umbilical cord, indicate 
that lead is readily transferred across the placenta. 

The correlations between maternal blood lead levels 
and those in cord blood are almost 1.0 (5). 

Lead absorption and retention by the fetus has been 
extensively studied by Barltrop (12). He found signifi¬ 
cant increases in lead content (but not concentration) 
in fetal bone and organs over gestation. A more recent 
study concluded tnat lead didnot accumulate in hu¬ 
man fetuses during the first trimester ( 14 ), which is not 
inconsistent with what is known of mineral metabol¬ 
ism over pregnancy (see below). 

Two case studies provide evidence that there can be 
significant mobilization of lead from bone during preg¬ 
nancy. One case study suggests that the mobilization 
of lead during pregnancy can result in relatively high- 
dose exposure with overt toxicological consequences 
for the infant (15). Over the course of pregnancy, one 
woman's blood lead levels increased dramatically to 74 
^g/dL, with clinical signs of intoxication and her baby's 
blood lead level was 55 pg/dL. There was no evidence 
of increased exposure to external lead sources over this 
period of time . The authors determined that aha had/Apj 
had excessive lead exposure as fiTyoung child, over 
years prior to this pregnancy. 

In another case study, Manton measured his wife's 
blood lead and speciated it by stable isotopic ratio. He 
reported changes in stable isotopic ratios that indi¬ 
cated contributions to blood lead over pregnancy from 
a pool that did not correspond to the external source of 
lead at the time of measurement (15). 

We have investigated changes in bone lead stores 
somewhat more directly by using the NHANES II 
dataset (17). In a group of postmenopausal women, we 
found significant increases in blood lead concentra¬ 
tions as compared to premenopausal women, after con¬ 
trolling for age, calcium intake, and other variables 
potentially related to both external lead exposure and 
mineral metabolism (Table 1). Of relevance to this 
topic, we also found that in postmenopausal women 
who had ever been pregnant, the extent nf the po st- — 
menopausal increase in blood l ead was 
l€ss“than that in nulliparous"j>ostmenopausaljwQjnen 
(Fig. DTThese data suggest that during prior pregnan- 
cies (and possible lactation), there was some mobiliza¬ 
tion of bone lead such that less was subsequently avail¬ 
able for mobilization during demineralization after 
menopause Alternatively, nulliparous women may be 
more at risk for postmenopausal bone demineraliza¬ 
tion, although epidemiological studies of postmeno¬ 
pausal osteoporosis have not clearly shown this (25). 
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Qible 1. ^triable* entered in univariate 

and multivariate analyses. _ 

LeirfreUted variable* 

Age (in years) 

Age squared 

JL&c * 4 

Income* 

I>«lfree of urbanization 6 
lend u»cd in gasoline (10* g/day) 

Number of cigarettes per day 
Alcohol drinker (greater than one drink)week) 
Vamblei related to oateoporoeU 
Ehe tary calcium (mg/day) 

Hypertensive medication 
Body mass index* 

Sulfacapular skinfold (cm) 

Dietary phoephorus (g/day) 

Edetary protein (g/diy) 

Tricep ikinfold (cm) 

Betreational exercise® 

Hypothesis variables 
Menopause status 
Years since menopause 
Ftegnancy history 

_I***®_ 

• 1 - black, otherwise 0. 

b 1 - leas than 15000/year; 2 » $5000-15,000/year; 

3 - 115,000/ynar, 

6 1 - cities (Ever 3,000,000 to 3 - rural under 2500. 

d Weight/height*. 

• 1 - little cr none; 2 « moderate; 3 - heavy. 



In-Mil lrr=S35) lr>-540 null Mrs Mrs 

in-M fr-em 

Figure 1. Blosd lead concentrations in black and white women, 
aged 40 to 60 years (n - numbers in sample used for analysis). 
PremenOj premenopausal women; postmeno, postmenopausal 
women; pootmeno null para, postmenopausal women with no 
prior prejjjnanciea; poetmeno para, postmenopausal women with 
at least one pregnancy. Data from NHANES II survey; see Sil* 
bergeld et id. ( 17 ) for details of analyses. 


Lead is also secreted in breastmilk in a range from 
0.24 to 35 mcg/dL. External exposures influence 
breastmiliiTfeaa levels, as expected, such that urban 
populations in-general have higher levels than rural 
populations 7u§). Lead is found in concentrations 


higher than those found in plasma at the same time 
( 20 ). Breastmilk lead concentrations may increase over 
lactation, although no comprehensive studies have 
been dona Women older than 30 years had significan t¬ 
ly higher levels ol breastmilk leacf than women be ¬ 
tween 20 and So years of age ( 1 1 ). This may reflect the 
general increase in stored and circulating levels of lead 
as a function of age or altered mineral metabolism dur¬ 
ing lactation in older women. 


Experimental Data 


Only a few studies of experimental animals exposed 
to lead have examined lead kinetics over pregnancy. 
These studies are further limited in interpretation be¬ 
cause of incomplete design and because rodents may 
not be adequate models for the physiology of pregnancy 
in humans. These studies have confirmed that lead is 
rapidly transferred from mother to fetus, particularly 
during the late stages of gestation. Moreover, after 
midgestation in the rodent, the flux of lead from ma¬ 
ternal to fetal circulation favors the placental and fetal 
compartments ( 21 ). Total fetal lead content of the fetus 
increased with time but concentration tends to de¬ 
crease [as noted by Barltrop in humans ( 12 )] because of 
the relatively greater rate of fetal growth during this 
period. 

Two experimental studies have examined the poten¬ 
tial for redistribution of lead from the mother to the 




fetus and infant during pregnancy and lactation. 
Buchet et al. ( 22 ) found that in rats exposed to lead for 
150 days, whose exposure was then discontinued for 50 
dayB prior to mating, there was a substantial mobiliza¬ 
tion erf lead from mother to fetus. This transfer was 
more pronounced in the dr continuous exposure group 
than in groups in which lead exposure was continued 
up to or through gestation, which the authors inter¬ 
preted to reflect differences in bone resorption rather 
than lead dosage 

Keller and Doherty ( 23 ) examined lead kinetics wit! 
radiotracer lead (^Pb) in female rats over gestation 
and lactation. They found that the major period of bone 
lead mobilizatio n occurred during lactation rather 
than gestation. Th is involved both the lead adminis¬ 
tered to iactating mothers and the mobilization of lead 
stored in maternal bone from prior exposure. This lat¬ 
ter source of lead transfer from maternal bone par al¬ 
l eled the measured decrease in bone mineral_c nnL&yit 
over the same period. However, not all this lead was 
transferred to the sucking infant via milk; maternal 
e xcretion of lead was also increased duringlactetio nT^" 

^Because ot the relative lack of clinical data and un- 
availability of information from primate models of lead 
toxicokinetics during these periods, interpretation of 
these results must be guarded. It is appropriate to con¬ 
clude that there is evidence that lead metabolism 
changes during pregnancy and lactation and that the 
transfer of lead to the fetus and neonate is likely to be 
enhanced. 
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Figure 2. Calcium metabolism in early pregnancy. A major physio¬ 
logical chiuge influencing calcium metabolism is the increase in 
maternal blood volume during this period; as a consequence, in 
order tc naaintain circulating levels of calcium, total calcium in 
the blood compartment is increased primarily through increas¬ 
ing intestinal calcium absorption and reducing renal calcium ex¬ 
cretion. It is also possible that the decreased production of estro¬ 
gen in pregnancy affects bone cell status through estrogen recep¬ 
tors in a manner similar to that observed in postmenopausal 
osteoporosis, that is, to increase bone resorption. The major hor¬ 
monal mfrn&ls governing these changes are parathyroid hor¬ 
mone and 1,25-dihydroxyvitamin D, both of which are increased 
in the circulation. 

Mineral Metabolism during 
Pregnancy and Lactation 

Pregnancy and lactation place significant demands 
on the availability of calcium from the diet and from 
physiological stores in mineralized tissue (24J25). As 
shown in Fi gures 2 and 3, during pregnancy, two major 
changes affect calcium physiology: first, blood volum e 
significantly increases, which requires increased cir- 
culating calcium to maintain n ormal [CaH, and se c- 
ond, the fet us exerts a demand for calcium for ossifica¬ 
tion and growth. This second requirement for calcium 
is greatest during the third trimester when the fetus 
obtains about 20 g of the total int .rpiiterme-require- 


Figure 3. Calcium metabolism in late pregnancy (third trimester). 
During this period, fetal ossification becomes a driving factor in 
altering maternal calcium metabolism. Calcium is supplied to 
the fetus, and maternal calcium metabolism is regulated by vita¬ 
min D, parathyroid hormone, and prolactin. 


LACTATION 

It 



ment of 30 goTcalcium (25,26). During lactation, an ad¬ 
ditional andTe vgn j r^glgr demand is placed upon ma* 
p\ temal sotirce^oixafclum for the secretion of this 
/ essential mineral in breast milk (Fig. 4). These de¬ 
mands of the developing organist and mother have 
only two possible sources of supply: increased dietary 
sources through a change in diet and enhanced reten¬ 
tion of exogenously derived calcium, or a draw upon 
calcium in bone through the modification of bone turn¬ 
over to favor resorption. During pregnancy, however, 
along with increased calcium absorption (about twice 
normal levels), calcium excretion is also increasectf25)) 


Figure 4. Calcium metabolism during lactation. During this peri¬ 
od, the stress on maternal calcium metabolism is qualitatively 
greatest, and the extent of bone demineralization is potentially 
the largest. Prolactin, parathyroid hormone, and vitamin D all 
regulate changes in calcium metabolism during lactation. 

Calcium requirements for pregnant and lactating 
women are much greater than those for adult men. 
During the last trimester, the fetus retains about 250 
mg of calcium per day, generating a maternal daily in¬ 
take requirement of about 1100 mg/day. During lacta - 
f^tion, about 400 and 1600 mg/day is secreted in breast- 
each day {24% The recommended dailyiritake^o f 
c alcium is even greaEerTabout IffOu mg/day 
this time, botn calcium absorption increases and cal¬ 
cium is drawn from bone stores. 

However, there is still some controversy over calcium 
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requirements during pregnancy. It has been assumed 
that adequate dietary intake of ca lcium will prevent 
demineralisati on of maternal bongl^SQ However, the 
clinical data are sTiTI incomplete, in that many studies 
were not controlled for calcium intake or measurement 
of calcium balance Physiologically, maternal metabo¬ 
lism adapts during pregnancy to exploit both external 
and internal sources of calcium. Dietary calcium is 
c onserved b y increasing gut absorption of calcium and 
decreasing irenai excretion. Hormonal changes are the 
major factoid controlling these adaptations. There is a 
s teady and significant increase in circulating levels of 
l,25^h^nsxyvitamin D during^pregnancy in humans 
( 27,28) anJcirculating levels of parathyiuid huim ofie 
may also be increased {22JT Prolactin is another major 
hormonal mechanism for modifying calcium metabolism 
during pregnancy and lactation, increasing calcium 
absorption and placental transfer of calcium (29,30). 
However, in many pregnant and lactating women, bone 
may be an additional source of calcium as evidenced by 
changes in bone formation rate, loss of bone mineral, 
and frank, osteoporosis in some cases (31,32 ). Some 
studies hawffoundas much as 10% loss of bone minera l 
in la ctatin g: women whose diets were only somewhat 

adequate Calcium and vitamin U lhtakeT between 15 
and 40% cf bone mineral can be lost during lactation 
(3 4) . 

More detailed studies have demonstrated the com¬ 
plexity of bone physiology during pregnancy (Figs. 2 
and 3). Purciie et al. (36) reported increased rates of re¬ 
sorption in early pregnancy, followed by increased 
rates of formation in late pregnancy, a finding paral¬ 
leled by escperimental studies in rats (34). This bipha- 
sic change in bone mineral status, which may result in 
part from changes in circulating estrogen levels could 
reflect a storage mechanism to provide calcium for the 
greater demands of lactation (Fig. 4). There is also 
some sugg estion that different parts of bone are differ¬ 
entially mobilized during different phases of bone re¬ 
sorption, which may be of importance in estimating 
relative availability of lead stored in specific regions or 
types of bone (36). 

Important Factors in Bone Lead 
Mobilization 

It seems reasonable to conclude that bone lead is a 
potential source of lead for the fetus and neonate and 
that the kinetics of lead in bone follow those of calcium 
in bone during the periods of pregnancy and lactation. 
If this is the ease, it is important to determine those fac¬ 
tors modulating the movement of lead from bone in hu¬ 
man pregnancy. Some of these factors are discussed 
below. 

Lead Exposure . Integrated, cumulative lead expo¬ 
sure is obviously important in determining fetal and 
neonatal exposure from both stored lead and concur¬ 
rent external exposures (7). Also, the dose rate of lead 
exposure may influence the location and concentration 


of lead in bone and its later availability for mobiliza¬ 
tion, as suggested by Rabinowitz (6). 

Maternal Age. In addition to determining body lead 
burden and concentrations in bone, maternal age may 
influence mineral metabolism. Adolescent mothers 
with inadequate calcium metabglism have relatively 
high bone l oss during lactatio^fGffi . Given the preva¬ 
lence of dietary deficiencies in tRIs population and the 
increasing rate of pregnancy among adolescents, par¬ 
ticularly in groups at high risk for environmental lead 
exposure (37), the coincidence of these two highly cor¬ 
related! factors, age and nutrition, may be very impor¬ 
tant for lead exposure. In another age-related observa¬ 
tion, older women appear to secrete higher levels of 
lead in breastmilk than do younger women, but this 
may reflect general trends in lead exposure and body 
lead burden. 

Gestational Age. Gestational age clearly influences 
mineral metabolism in both mother and fetus. The 
fetus produces 1,25-dihydroxyvitamin D and hence 
regulates its own active calcium uptake across the pla¬ 
centa (26,38). The most active phase of calcium trans¬ 
fer to the fetus occurs in the last trimester of preg¬ 
nancy, a period that coincides with the critical phases 
of neurodevelopment in which synaptogenesis and ar¬ 
borization of the cortex and cerebellum occur (39). This 
coincidence is unfortunate because of the effects of lead 
to inhibit synaptic formation (40) a nd to block neuro¬ 
transmitter-directed cytoarch itectural development of 
the brain (41). 

Maternal Nutritional Status. As noted above, ma¬ 
ternal nutrition is a major determinant of maternal 
mineral metabolism during pregnancy and lactation. 
Calcium- and vitamin D-deficient diets during these 
periods result in substantial bone demineralization 
(33). Maternal nutritional status will also affect the ab- 
sSrption and retention of lead; although it is not clear 
that supplementing the diet w ith calcium can reduce 
lead absorption - or anectTead kinetics, deficiencies 
clearly enhance the absorption of le ad (42). 

Parity . Little is known of the influenceol^umber of 
pregnancies upon maternal mineral metabolism. In 
epidemiological studies, parity number is confounded 
by age and weight, variables that also affect mineral 
; physiology (43). We found that parity influenced the 
magnitude oFpostmenopausal increases in blood lead 
levels (27), as discussed above, but we could not ex¬ 
amine the impact of number of pregnancies due to 
small sample size available for analysis of this vari¬ 
able. Parity is a complex variable in studies of post¬ 
menopausal osteoporosis, and number of pregnancies 
as well as age at pregnancy are important, although in¬ 
completely understood, factors (18). 

Race. For demographic and socioeconomic reasons 
primarily, race is a determinant of lead exposure in 
American populations (37). Nutritional status also 
varies with race in the U.S., and calcium-deficient diets 
are more common among poor, disadvantaged minor¬ 
ity women than among other groups. Race is also a var¬ 
iable in mineral metabolism, with black women ex- 
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iriencing much lower incidence of postmenopausal 
osteoporosis than white women ( 18 ). We found a signifi¬ 
cant difference between whiWand'Black women in the 
relative increase in blood lead levels following meno¬ 
pause, consistent with a decreased loss of bone mineral 
in black women. Among Asian and Turkish women, 
osteomalacia has been diagnosed during and after 
pregnancy of sufficient severity to increase the risks of 
fractures during pregnancy and rickets in their infants 
( 44 ). This condition may be due to inadequate intake of 
vitamin D in.these populations and hence to socio¬ 
economic and cultural factors rather than genetics. 

Summary and Research Needs 

This conference has focused on bone lead primarily 
as an improved dosimeter for determining cumulative 
lead exposure in specific groups at risk, primarily chil¬ 
dren and workers. However, given the lability of bone 
mineral stores, there are additional toxicological con¬ 
cerns about the potential for release of lead from bone 
stores during normal physiological conditions that 
increase bone mineral loss. Of major importance for 
public health is the potential mobilization of lead from 
bone during pregnancy and lactation, with potential 
toxic conseqiuences for both the mother and the 
neonate. 

Most attention has been paid to the potential expo- 
•ure of the fetus; however, the remobilization of lead 
iring pregnancy and l actation may have toxic conse¬ 
quences for the mother as well, as lead is returned to 
the bioavailable compartment (plasma) and may be re¬ 
distributed to such target organs as brain, heart, and 
kidney. 

The available data are sparse. Some experimental 
data confirm, that both dietary and stored lead are 
transferred to the fetus avidly and that maternal bone 
stores of leach may be mobilized, particularl y during 
lactation , hi humans, there is at least one case of ma¬ 
ternal intoxication during pregnancy due to mobiliza¬ 
tion of significant bone lead stores ( 15 ). Indirect evi¬ 
dence for such mobilization was also found in a large 
population-based survey of the U.S. population, in 
which postmenopausal women were found to have sig¬ 
nificant increases in blood lead, but this increase was 
diminished by prior pregnancy ( 17 ). 

If bone lead stpres are a potential source of lead for 
the fetus, there are several important implications for 
the medical management of lead exposure and inter¬ 
vention as well as needed areas for research. First, the 
possible con tribution of prior lead exposure, resulting 
in increased bone lead, must be evaluated in epidemi¬ 
ological studies associating lead dose with outcome in 
infants and young children. Second, the prior history 
, of lead exposure may be important to determine in 
evaluating individuals and populations at risk. Third, 
- Merminants of bone status during pregnancy may be 
portant not only for preventing osteomalacia, hypo- 
calcinemia, hyperphosphatemia, and other mineral- 
related problems of pregnancy and the fetus, but also 


to prevent untoward mobilization of lead from bone. 
Fourth, methods for determining the overall toxico¬ 
kinetics of lead during pregnancy, particularly the flux 
of lead from bone to the fetus, must be developed. 

There is a consensus as to the research needed in 
order to develop feasible implementation of bone lead 
measurements for better estimation of lead dose—the 
influx term ( 36 ). For the purpose of estimating poten¬ 
tial exposure to bone lead—the efflux term—somewhat 
different research strategies may be important. For 
dosimetry, a stable compartment that reflects accumu¬ 
lation of lead over time is important; for mobilization, 
it is important to be able to measure lead in unstable 
compartments of mineral tissue and to be able to esti¬ 
mate rates of bone formation/absorption at the same 
time. 

The field of lead toxicology may be transformed by 
the availability of new technology for measuring lead 
stores in bone, the major pool for lead in the body. Bone 
lead may prove to be a vast improvement in dosimetry 
and, as such, advance our understanding of the dose- 
response relationships of lead at low dose and the long¬ 
term consequences of low level lead exposure. That 
there are children with very high bone lead stores sug¬ 
gests that they may be persons at considerable risk of 
lead toxicity whose risk is not adequately assessed by 
measurements of blood lead levels or chelatable lead in 
urine 

In certain populations at risk for bone demineraliza¬ 
tion for reasons of normal physiological change, aging, 
or disease, it may be important to determine bone lead 
stores as a determinant of potential risk of toxicity 
from mobilized lead during these periods. However, it 
is clear that much needs to be known about mineral 
metabolism and bone physiology during such periods 
as pregnancy and lactation in order to evaluate the po¬ 
tential risk of lead stored in bone for such persons. 

In addition, the possibility that lead may affect the 
endocrinological signals regulating mineral metabo¬ 
lism and bone cell function requires further investiga¬ 
tion, as suggested by Pounds ( 46 ). It may be that bone 
cells containing lead respond differently to the hor¬ 
monal signals accompanying pregnancy, lactation, 
and menopause, which appear to be the determinants 
of altered bone status. We have suggested that lead 
may enhance processes of demineralization by inhibit¬ 
ing activation of vitamin D, decreasing calcium ab¬ 
sorption, and interfering with hormonal signals, such 
as prolactin ( 17 ). Finally, these studies may at last 
focus attention upon bone as a target for lead toxicity. 
It has been remarkable that this compartment, in 
which the overwhelming majority of lead is stored, has 
long been considered as an inert depot into which lead 
is transferred and in which no biological response to 
this very toxic element was thought to occur. Advances 
in mineralized tissue physiology, not least the finding 
that most hormones that regulate bone cell status are 
shared by, among other organs, the brain ( 47 ), should 
serve to direct research toward understanding the en¬ 
docrinological effects of lead and the cellular conse- 
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t uences of’lead in bone for bone itself and for the con¬ 
trol of mineral flnx that is regulated by bone. It has 
been proposed that lead-calcium interactions are the 
fundamental molecular mode of lead toxicity (41 t 48) y 
yet little attention has been paid to that physiological 
system with the highest concentrations of calcium and, 
lead and its interactions with such major functions a 
growth, development, reproduction, and senescence. 
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THE LONG-TERM EFFECTS OF EXPOSURE TO LOW DOSES OF LEAD IN CHILDHOOD 

An II-Year Follow-up Report 

Herbert L. Needleman, M.D., Alan Schell, M.A., David Belunger, Ph.D., Alan Leviton, M.D., 

and Elizabeth N. Allred, M.S, 


Abstract To determine whether the effects of low-level 
lead exposure persist we reexamined 132 of 270 young 
adults who had initially been studied as primary school- 
children in 19715 through 1978. In the earlier study, neuro¬ 
behaviorai functioning was found to be inversely related to 
dentin lead levels. As compared with those we restudied, 
the other 138 subjects had had somewhat higher lead 
levels on earlier analysis, as welt as significantly lower 
IQ scores and poorer teachers* ratings of classroom be¬ 
havior. 

When the 132 subjects were reexamined in 1988, im¬ 
pairment in neurobehaviorai function was still found to 
be related to the lead content of teeth shed at the ages 
of six and seven. The young people with dentin lead levels 
>20 ppm had a markedly higher risk of dropping out of 
.high school (adjusted odds ratio, 7.4; 95 percent corv 

T A in'THIN the past three years, the Environmental 
VV Protection Agency and the Agency for Toxic 
Substances and Disease Registry have concluded in 
polio/ statements that lead at low doses is a serious 
threat to the central nervous systems of infants and 
children. 1,2 These policy statements have been based 
on a growing convergence of results from both epide¬ 
miologic and experimental studies of lead toxicity in 
the Lfnited States, Europe, and Australia. 3 " 8 Whether 
the eTcrcts on the central nervous system of exposure 
to low doses of lead that have been observed in infants 
and children persist has received limited attention. 
Only three follow-up studies have been published to 
date, and the longest follow-up has been five years.*" 11 
No data have yet been reported on whether early dis¬ 
turbances influence functional abilities in later life. 

In 1979 we reported that first- and second-grade 
children without symptoms of plumbism, but with 
elevated dentin lead levels, had deficits in psychomet¬ 
ric intelligence scores, speech and language process¬ 
ing, attention, and classroom performance. 3 When 
they were studied in the fifth grade, the children with 
high dentin lead levels had lower IQ scores, needed 
more special academic services, and had a significant¬ 
ly higher rate of failure in school than other children.* 
We have now evaluated the neuropsychological and 
academic performance in young adulthood of 132 of 
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Boston Utii versify, Bouoo (A.S.); and the NeeroepwiernicHogy Unit, Children's 
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Medicine. Western Psychiatric Institute sad Gink, 381 i O'Hara Sl. Pittsburgh. 
PA 15213. 
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Presented in part at the annual mcenng of the Sodery for Pediamc Resea r ch/ 
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fidence interval, 1.4 to 40.7) and of having a reading dis¬ 
ability (odds ratio, 5.8; 95 percent confidence interval, 1.7 
to 19.7) as compared with those with dentin lead levels 
<10 ppm. Higher lead levels in childhood were also sig¬ 
nificantly associated with tower class standing in high 
school, increased absenteeism, tower vocabulary and 
grammatical-reasoning scores, poorer hand-eye coordi¬ 
nation, longer reaction times, and slower finger tapping. 
No significant associations we re found with the results of 
i b otner tes ts of neurobehaviorai funcljonlngAead levels 
were inversely related to self-reports of minor delinquent 
activity. 

We conclude that exposure to lead in childhood is asso¬ 
ciated with deficits in central nervous system functioning 
that persist into young adulthood. (N Engl J Med 1990; 
322:83-8.) 

the original sample of 270 subjects, and we report the 
relation of their recent performance to their exposure 
to lead, as measured 11 years earlier. 

Methods 

Sample 

The initial sample was chosen from the population of 3329 chil¬ 
dren enrolled in the first and second grades in the Cheisea and 
Somerville, Massachusetts, school systems between 1975 and 1978. 
Of dm population, 7 percent provided at least one of their shed 
primary teeth for lead analysis. From this sample of 2335 children, 
97 percent of whom were white, we identified 270 from English- 
speaking homes whose initial dentin lead levels were either >24 
ppm or <6 ppm. These children (mean age, 7.3 yean) underwent 
an extensive neurobehaviorai examination. More teeth were subse¬ 
quently collected and analyzed, and the subjects whose teeth were 
discordant with respect to lead level according to a priori criteria 
were excluded from the data analysis. Also excluded from the analy¬ 
sis were children who had not been discharged from the hospital 
after birth at the same time as their mothers, who had a noteworthy 
head injury, or who were reported to have had plumbism. 1 

In a later reanalysis, conducted in response to suggestions from 
the Environmental Protection Agency, 1 * the tooth lead level was 
treated as a continuous variable. A mean dentin lead level was 
computed for each subject from all the teeth collected. The exclu¬ 
sionary factors previously used were found not to be related to 
outcome scores. The subjects initially excluded were therefore not 
excluded from this follow-up sample. 

The 270 subjects tested from 1975 to 1978 constitute the base 
population for this report. From old research records, telephone 
directories, town records, and driver's-!icense rolls, we located 
177 subjects. Of these, 132 agreed to participate, and the re¬ 
maining 45 declined. The subjects were paid S35 each and received 
travel expenses. Ten subjects tested in 1988 had been excluded from 
the analysis reported in 1979 because their parents stated at the 
time of testing that the children had elevated blood lead levels or 
had undergone chelation for lead poisoning. This group is discussed 
separately in this report. The mean age of the 132 subjects at 
the 1988 reexamination was 18.4 years; the mean length of time 
between the two examinations was II. I years. All but four subjects 
in the current follow-up study were white. No clinical manifesta¬ 
tions of lead exposure were recorded in the earlier interviews 
for the 122 subjects who were not treated with chelating agents. 
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The research protocol and informed-consent procedures were ap¬ 
proved b\ ihe institutional review boards of the Childrens Hospital 
of Pittsburgh and the Children’s Hospital, Boston. Informed con¬ 
sent was given by all the subjects or their parents. 

Classification of Lead Exposure 

All the dentin lead levels measured from 1975 through 1977 were 
used to compute an arithmetic mean lead concentration for each 
subject. The lead burden was treated in two ways: as an interval 
variable in fincar regressions and as a categorical variable — i.e., 
high (>20 pprn), medium (10 to 19.9 ppm), and low (< 10 ppm) — 
in the logistic regressions described below. Lead levels in venous 
blood were :nfnrasured at the time of the reexamination to estimate 
current exposure. This practice was discontinued after the Erst 48 
subjects were tested, because none had a lead level exceeding 0.34 
Mmol per liter (7 Mg per deciliter), well below the Centers for Dis¬ 
ease Control’s definition of undue lead exposure of 1.25 pxad per 
liter (25 Mg p<rr deciliter). 

Behavioral Evaluation 

The subjects were evaluated individually by a single examiner, 
who remained! blinded to their lead-exposure status until all the 
data had been coded and entered into a computer data base. All 
assessments were carried out in a fixed order, the duration cf the 
testing was about two hour*. 

Neurobetewxal Evaluation System 

The subjects completed an automated assessment battery in 
which they us-ed a personal computer, joystick, and response key.** 
We selected the following items from the battery for evaluation: 

Ccntinmnu -performance UsL u 

SjmM^ipt nibstitxii&n, an adaptation of the Wechsler item for 
computer ad ministration. 

Hand-ejx torn filiation. Using a joystick to move the cursor, the 
subject traced over a large sine wave generated on the monitor 
screen; deviations from the line (root mean square error) were 
recorded. 

SimpU vuud-Ttartuti tvn/. Subjects pressed the respocse k., 
when an O appeared on the screen; the interval before the stimu¬ 
lus was varied randomly. 

Finder lapping. The subject pressed a response button as many 
times as possible during a 10-second period; both hands were 
tested. 

Palter* wvirutrj. The subject was presented with a computer- 
generated pattern formed by a I0-by-l0 array of dark and bright 
elements. After a brief exposure, the subject was presented with 
three panejiis, only one of which was identical to the original 
pattern. The number!of correct responses and the length of time 
to the correct choice were recorded. 

Pattern comparison. The subject was presented with three com¬ 
puter-generated patterns on the 10-by-10 array. Two were identi¬ 
cal, and one differed slightly from the other two. The subject was 
required no select the nonmatching pattern. 

Serial-dig if learning. The subject was presented with a string of 
10 digits, then asked to enter the string into the computer. After 
an error, the same stimulus was presented, and the second trial 
began. 

VocabuLw. For each of 25 words, the subject chose the word 
most nearly synonymous from a list of four choices. 

Gremmalu’jJ reasomsig. The subject was presented with a pair of 
letters, A and B, whose relative position varied. Then the screen 
cleared, and the letters were replaced by a sentence that described 
the order of the letters. The sentence might be active or pas¬ 
sive, affirmative or negative, true or false (examples are ““A fol¬ 
lows B" ard “B is not followed by A**). The subjea had to 
choose die correct sentences, and the number of errors was 
recorded. 


SiritcAmg attention. The subject was required to choose which 
ley to press in response to three different instructions. In the 
“side" trials, the subjea had to press the key on the same side as 
the stimulus. In the “direction” trials, the correct choice was the 
direction in which an arrow pointed. Before each trial m the third 
set, the subject was told whether to choose the side the arrow was 
on or the direction in which it pointed. 

Mood scales. This test was derived from the Profile of Mood 
States. 15 Five scores were computed for tension, anger, depres¬ 
sion, fatigue, and confusion. 

The following tests were also used to evaluate neurobehavioraJ 
functioning: 

CaSfomia Verbal Learning Test 

The California Verbal Learning Test 18 was used to assess multi¬ 
ple strategies and processes involved in verbal learning and mem¬ 
ory. Scores for immediate and delayed recall were also obtained. 

Boston Naming Test 

In the Boston Naming Test, 17 the subject was presented with 60 
pictures in order of increasing difficulty and asked to name the 
objects shown. 

Rey-Osterreith Complex Figure Test 

The Rey-Osterreith Complex Figure Test 11 was used to evaluate 
visual-motor and visual-spatial skills. The subjea was asked to 
copy an abstract geometric figure and then to drawn from memory 
both immediately and after 30 minutes. Accuracy and organization 
scores w ere calculated. 

Word- kfen tinea bon Test 

Toon B from the Woodcock Reading Mastery Test was used to 
evaluate rending skill. Grade-equivalency scores were calculated 
from raw scores. Reading disability was defined as tadkated by 
scores two grade levels below the score expected on the basis of the 
highest grade completed. 

Self‘Reports of Delinquency 

The subjects completed a structured questionnaire from the Na¬ 
tional Youth Survey 1 * that included scales for miner antisocial be¬ 
havior and for violent crimes. 

Review of School Records 

High-school records were obtained for all but two of the subjects 
tested. Class size and rank, the highest grade completed, and the 
number of days absent and tardy in the last full se mes ter w ere 
recorded- Students who were still in the 11th grade at the time of 
testing were not included in analyses of the highest grade complet¬ 
ed. Class rank was computed as 1 - (class rank/dass size). 

Statistical Analysis 

To evaluate whether the participants in this follow-up evaluation 
were representative of the original cohort, subjects who were tested 
and not tested in 1988 were compared in terms of variables reported 
in 1979, including dentin lead levels, covariates not related to lead 
exposure, teachers* ratings of classroom behavior, and IQ scores. In 
addition, we carried out separate regressions of dentie lead level 
against IQ score as measured between 1976 and 1971 for subjects 
tested a nd not tested in 1988. We then performed a regression on 
both groups taken together, entering both a dummy term for partici¬ 
pation in the current follow-up (yes or no) and a lead-level-by¬ 
participation sutus term. 

To evaluate the relation between early exposure to lead and each 
of the CDotinuottsiy distributed outcome variables, subjects were 
classified according to dentin lead-level qua rules, and mean scores, 
adjusted for covariates, were computed. Ordinary least-squares lin- 
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regression, with the mean or lo^-mean dentin lead level as the 
rrj..r> effect. uas used to estimate the significance of the relation. 
C-tcomes that were significantly associated with lead exposure in 
r ese bivariate analyses were further evaluated by multiple regres¬ 
s’ a naiv sis. Ten covariates were included in the model. They were 
moitier's at;e at the time of the subject’s birth, the mother’s 
ec.cational level, the mother’s IQ, family size, socioeconomic sta¬ 
tus a tv\o-factor Hollingshead index), sex, age at the time of test¬ 
er. birth order, alcohol use, and whether the subject and the moth¬ 
er left the hospital together after the subject's birth. The lead 
measure (the mean or the log of the mean) that produced ibe best- 
fir.ed model (highest R ? ) is reported. Five of these covariates were 
employed in the first study of these subjects and shown to be influ¬ 
ential. Five others (sex, age at testing, prolonged hospitalization as 
a neonate, birth order, and current alcohol use) were added to the 
mxel on the basis of prior knowledge of their effects on psychomet¬ 
ric function. Logistic-regression analysis was used to model the as¬ 
sociation of lead level and two outcomes treated categorically (fail¬ 
ure to graduate from high school and reading disability). In this 
analysis, we cor,trolled for the covariates listed above. Two indica¬ 
tor variables were used to represent the three exposure groups. 
Odds ratios and 95 percent confidence intervals, adjusted for covar- 
iates, were computed for the high-lead-level group, with the low- 
lead-ievel group used as the reference group. 

Results 

Selection Bias 

The 132 subjects who were retested in 1988 (Table 
I; were not representative of the group of 270 subjects 
tested in 1979. The subjects we retested tended to have 
slightly lower dentin lead levels, more highly educated 
families of higher socioeconomic status, and mothers 
with higher IQs and better obstetrical histories; a 
higher proportion of the retested subjects were girls. 
Ir. addition, they had had fewer head injuries and had 
significantly higher IQ scores and better teachers’ 
ratings as reported in 1979. The slope of the regres¬ 
sion of childhood IQ on dentin lead level was steep¬ 
er in the group not tested in the follow-up study, al¬ 
though the difference from the slope in the group we 
retested was not statistically signifi¬ 
cant fF = 1.82, 1,196 df; P = 0.18). 

Academic and Neurobehaviormi 

Outcome 

Table 2 shows the covariate-ad- 
justed scores of the 122 subjects 
who did not have clinical plum- 
bism. according to their dentin lead 
concentrations. Table 3 summa¬ 
rizes the results of modeling the re¬ 
lation between early exposure to 
lead and outcome by multiple re¬ 
gression. Earlier exposure to lead 
was significantly associated with di¬ 
minished academic success. Among 
children with dentin lead levels 
>20 ppm, as compared with those 
whose dentin lead levels were <10 
ppm, the unadjusted odds ratio for 
failure to graduate from high school 
was 4.6 (95 percent confidence in¬ 
terval, 1.2 to 17.4). Adjustment for 


Table 1. Comparison of Subjects Tested and Not Tested 
in 1988.* 


CKAiACT«tsnc 

Tested 
(N - \Z2) 

Kot Tested 

ts - 1 38) 

P Wut 

Lead-kvel group (*) 

Low 

50 

47.8 

— 

Middle 

22.7 

16.7 

— 

High 

27.3 

35.5 

0.7t 

Birth order 

2.3=l.6 

2.8=1.9 

0.016 

No. of live Ntths 

2.Iil.5 

3.2:1.6 

0.05 

Father's education (yr) 

12.2=2.6 

11.4 = 2.6 

0.009 

Mather’s education (yr) 

12.0=2.2 

11.1 = 2.1 

0 0005 

Mother'! IQ 

112 = 15 

108 = 15 

0.017 

Mother’s age at subject's 

25.5=5.9 

25.3=5.8 

0.7 

btrth (yr) 

Father’s age at subject’s 

28.3=7.8 

28.8=7.9 

0.6 

birth (yr) 

Gestation (wk) 

39.9=2.0 

40.0=1.7 

0.7 

Birth weight (g) 

3776=608 

3712=600 

0.40 

S«(t) 

Female 

55.3 

42.8 


Male 

44.7 

57.3 

0.04 

Head injuries (%) 

3.8 

8.7 

0.09 

Teachers’ ratings (1979 sum score) 

9.3=2.8 

8.2 = 3.6 

O.OOt 

Full-scale IQ (1979) 

107.5=14 

99.5 = 15 

0.001 


*PVa-minm values arc pom =SD. tBy du-*quare lest for til kad-levt) group* 


covariates increased the odds ratio to 7.4 (95 percent 
confidence interval, 1.4 to 40.8). Higher dentin lead 
levels were also associated with lower class rank, 
increased absenteeism, lower scores on vocabulary* 
and grammatical-reasoning tests, significantly slower 
finger-tapping speed, longer reaction times, poorer 
hand-eye coordination, and lower reading scores. In 
subjects with dentin lead levels >20 ppm, the unad¬ 
justed odds ratio for having a reading disability, de¬ 
fined by a score two grades below that expected for the 
highest grade completed, w*as 3.9 (95 percent confi- 


Tabfe 2. Outcomes in Young Adulthood According to Dentin Lead Concentration 

in Childhood.* 


CuTcoatt Va*M*U£ 


Lead Gohcewtsutio* 



LOWEST 

LOW 

HIGH 

mighut 


«3.t |5fo) 

UA-l-2 ppcs) 

(I3-ZL2 ppm) 

(>23.2 pp*»j 

No. of subjects 

30 

3L 

30 

31 

Reading score (words read correctly) 

143.8 

142.7 

140.2 

135.2 

Reading grade equivalent (grade level) 

12.2 

11.9 

11.2 

10.1 

Highest grade achieved (grade level) 

11.7 

11.9 

11.5 

11.3 

Class standing (percentile) 

0.60 

0.59 

0.48 

0 45 

Absence from school (do. of dayV 

12.0 

12.0 

17.9 

20.8 

semester) 

Vocabulary (words correct) 

18.0 

16.4 

17.6 

14.6 

Grammatical reasoning (no. 

13.1 

13.0 

12.8 

15.8 

incorrect) 

Hand-eye coordirmioct 

5.1 

5.4 

52 

6.2 

Reaction time (msec) 

Preferred hand 

246.6 

255.5 

267.3 

275.1 

Nonpreferred hand 

241.2 

238.2 

258.4 

261.2 

Finger Upping (noJtO sec) 

46.6 

47.2 

45.9 

43.5 


"TV subjects were <fc WVd mc groups accordo* m kacWrvd qm rvki . TV values are least-square mess 

after far ecvwwr*. Subject dki ai fiaab&m fees cs rfaricd . 

tFbr ce«nli*i6c». ferger mszsba% »iar men orea 
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Table 3. Regression of Outcomes in Young Adulthood on Dentin Lead Levels in Childhood.* 




BlVAWATE RlCtUSlON 



MuiTinc RicttUJO^ 



R*' 

PAfcAHETEtt 

ESTIMATE 

SE 

P wta 


Fa! AMETEt 

ESTIMATE 

SE 

R value 

Htchest grxiie achieved 

0.061 

-0.02? 

0 009 

0 008 

0 319 

-0.027 

0 01 

0 013 

Reading gnie equivalent 

0.121 

-0.0? 

0.018 

0 0001 

0.229 

-0.072 

0 021 

0 001 

Pass sun oaf 

0 039 

-0.006 

0 003 

o.oa 

0.248 

-0 006 

0 003 

0048 

■absence Ira'S school* 

0.071 

4.1 

1.7 

0 006 

0.209 

4.73 

1.8 

001 

Crammanca. reasoning 

0.051 

0.159 

0.062 

0.012 

0.197 

0.178 

0 068 

0.011 

Vocabulary 

0.101 

-0.124 

0.032 

0.000 

0,324 

-0.122 

0 033 

0 001 

Fmcer tappe-.g 

0 031 

-0.104 

0.05 

0.05 

0.336 

-0.133 

005 

0 01 

Hand-eye coordination 

0 043 

0.041 

0.018 

0.02 

0.195 

0.048 

0019 

0.01 

Reaction t«H£ r 

Preferred !und 

0.025 

II. 5 

6.66 

0.01 

0.242 

12.9 

63 

0 042 

Nonprtt’erec hand 

0.03 

11.5 

0.05 

0.056 

0 229 

10.3 

5 5 

006 

Minor antisocial behavior - ! 

0 025 

-0.639 

036 

0 082 

0.306 

-0.739 

0.35 

0 038 


•TV folk"n*f conmiri *rerc contrtdW for tr> the mubrp^ie rcfrrssioft aruly-m *«„ vex. Exoi* order. fimO> wc. rrxxScr'v »pe u the wbycct'i birth, length o( lV *eor.*t»l «*> * the hospital. 
*“>.">er‘s <d»*:ar jr ie\c*. r^t**'* 10 *oc-'< , »ct;or>omK. watwv aryj current akohoJ »se. 

*TV Miur*; log of the mean denfift kvel *is used is the main effect. 


dence interval. ] .5 to 10.5). Adjustment for covariates 
increased! the odds ratio to 5.8 (95 percent confidence 
interval. 1.7 to 19.7). For most outcomes, neither the 
she of the lead regression coefficients nor their stand¬ 
ard errors were substantially changed by adjustment 
for covariates. 

Of the 10 children with clinical plumbism (who 
either underwent chelation or were reported to have 
had elevated blood lead levels), 3 of 7 (43 percent) 
dropped out before graduating from high school (3 
others are still in school), and 5 of 10 (50 percent) 
have reading disabilities. When the children with 
plumbism were grouped with the other subjects ac- 



Oenim Lead Level (ppm) 

Figure 1. The Proportion of Subjects Who Did Not Graduate from 
High School, Classified According to Their Past Exposure 
to Lead. 

Asymptomatic subjects are classified according to lead-level 
quartiles Seven of the 10 subjects who were earlier reported to 
have clinical plumbism are shown in a separate column. No 
school records were found for two subjects. One subject was not 
tested but reported that she had graduated from high school. 
(There are therefore 121 subjects represented in this figure.) Ten 
subjects (three with reported plumbism and seven asymptomatic 
subjects) are- still attending high school and are therefore not 
shown here. The numbers in each column indicate the number 
who did not graduate and the total number in the category. 


cording to quartiles for dentin lead levels, a dose- 
response relation was evident for both outcomes (Fig. 

1 and 2). 

Early exposure to lead was not significantly associ¬ 
ated with performance on the symbol-digit or serial¬ 
digit tests, the continuous-performance test, pattern 
memory or pattern comparison, switching attention, 
the California Verbal Learning Test, the Rey-Oster- 
reith figures, the Boston Naming Test, or mood scores. 
The lead level was inversely related to the summed 
score on the self-report of delinquency questionnaire, 
which consisted primarily of reports of minor antiso¬ 
cial behavior. 

When subjects were divided into two groups ac¬ 
cording to their dentin lead levels (<10 ppm vs. ^10 
ppm), high dentin lead levels predicted future failure 
to graduate from high school with a sensitivity (*SE) 
of 0.71 ^0.12 and a specificity of 0.61-0.05 (Table 4). 

Discussion 

In this extended follow-up study, in which the mean 
length of follow-up was 11.1 years, we found that the 
associations reported earlier between lead and chil¬ 
dren's academic progress and cognitive functioning 
persisted into young adulthood. The persistent toxici¬ 
ty of lead was seen to result in significant and serious 
impairment of academic success, specifically a seven¬ 
fold increase in failure to graduate from high school, 
lower class standing, greater absenteeism, impairment 
of reading skills sufficiently extensive to be labeled 
reading disability (indicated by scores two grades be¬ 
low the expected scores), and deficits in. vocabulary, 
fine motor skills, reaction time, and hand—eye coordi¬ 
nation. 

A number of issues require consideration when one 
is interpreting the data reported here. The first is the 
influence of selection bias on the associations we ob¬ 
served. The subjects retested in 1988 had more favor¬ 
able characteristics than those who could not be locat¬ 
ed or who declined to participate. The subjects who 
were not retested tended to have had higher lead lev- 
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Figure 2. lT>e Proportion of Subjects with Reading Disabilities. 

Classified According to Their Past Exposure to Lead. 
Asymptomatic subjects are classified according to lead-level 
*quartiie, and 10 children with a history of clinical plumbism are 
shown separately. Reading disability is defined as indicated by a 
reading level two or more grades below the expected level. The 
numbers in each column indicate the number with a reading dis- 
a biUty and the total number in the category. 

els. lower socioeconomic status, and lower IQ scores 
and teachers’ ratings of classroom behavior. The in¬ 
verse relation between dentin lead levels and IQ re¬ 
ported in 1979 was stronger for the subjects who were 
not retested in 1988 than for those we retested, al¬ 
though the difference did not reach statistical sig¬ 
nificance. This finding is in agreement with the obser¬ 
vation, made by us and others, that children from 
families in lower socioeconomic groups are more vul¬ 
nerable to the effects of lead than children from more 
favored economic backgrounds. 20 We infer that the 
estimates made on the basis of the data on the 132 
subjects we restudied are likely to be conservative. 
Indeed, had all the original subjects been located and 
retested, the magnitude of the effect of lead exposure 
might have been even greater. 

Is the nature of the relation between lead and later 
outcome causal, or does it result from confounding by 
other variables? The association between lead and 
outcome reported here meets six criteria for valid 
causal inference: proper temporal sequence, strength 
of association, presence of a biologic gradient, non- 
spuriousness, consistency, and biologic plausibility. 21 

In this study, the exposure to lead preceded the 
school failure and the reading disabilities measured. 
The strength of the association, as measured by ad¬ 
justed odds ratios of 7.4 and 5.8, was substantial. A 
dose-response relation has been demonstrated be¬ 
tween exposure and numerous outcome variables (Ta¬ 
ble 2, Fig;. 1 and 2). “Nonspuriousness” indicates that 
the association observed is not due to confounding. In 
this analysis, we controlled for both the covariates that 
were identified in 1979 as potential confounders and 
others we suspected were important. The magnitude 
of the eifect of lead was reduced only slightly, if 
at all, by this procedure. The zero-order correlation 
between socioeconomic status and dentin lead levels 


in this sample *.as not great (r = 0.04). Many covar¬ 
iates that were important contributors to performance 
in the early grades (e.g., the mother's IQ and the 
mother’s educational level) had less effect on the 
subject’s performance in young adulthood. The re¬ 
sults, moreover, are consistent with those of several 
other studies by workers who have reported lead- 
associated deficits in reading 4,22 * 23 and early classroom 
behavior. 24,25 The lead-related deficits in IQ, speech 
and language processing, and attention reported in 
1979 provide plausible mechanisms by which lead 
could impair performance in class and produce even¬ 
tual failure. Similar effects on learning have been 
demonstrated in the experimental studies by Gilbert 
and Rice of subhuman primates. 7 In these investiga¬ 
tions, rhesus monkeys, administered lead only in the 
first 100 days of life, had impairments in learning 
as adolescents. In adolescence, the mean blood lead 
level of these monkeys was 0.73 fimol per liter (15 Mg 
per deciliter). 

The value accepted as the threshold for lead-engen¬ 
dered neurotoxicity in children has declined steadily 
over the past decade as more sophisticated population 
studies, with larger samples, better designs, and better 
analyses, have been conducted. 4,5,n,22,24,2$ * 29 When this 
study was begun in 1975, the toxic level of lead in the 
blood was defined by the Centers for Disease Control 
as 2.0 ^mol per liter (40 Mg per deciliter). In 1973, 
the mean blood lead level in a $ub$arrp*e of 23 chil¬ 
dren chosen from among those with the highestdentin 
lead levels in an earlier study was 1.7 Mmol per liter 
(34 Mg per deciliter). 3 None of our subjects were symp¬ 
tomatic. That these subjects were exposed to high 
doses of lead after the original study vis completed is 
unlikely. Lead exposure, the inciri^uce of pica, and 
hand-to-mouth behavior diminish after the fifth year 
of life. The low blood lead levels found in these sub¬ 
jects in young adulthood (all <0.034 fim ol per liter) 
provide convincing evidence that their later exposure 
to lead was not excessive. 

The consensus on what level of lead is toxic has 
changed in recent years. After reviewing the studies 
published up to 1987, the Agency for Toxic Sub¬ 
stances and Disease Registry defined the threshold for 
neurobehavioral toxicity as 0.5 to 0.7 M^iol per liter 

Table 4. Sensitivity and Specificity of the Dentin 
Lead Level in Childhood as a Predictor of Failure to 
Graduate from High School.* 

Hxx-S chool Gexixjxrux Uao L i vu. 

>iom< <to mt 

No 10 4 

Ye* 39 61 

Sensitivity « !(k'(I0+4) * 0.71 

Specificity * 6l/(61 + 39) * 0.61 

-Of the 122 «*ymp*om*oc subject* irudted, 7 mbjeci* who were xull 
soeadsfij ichooi m the time of this xiMjyvu war excluded. One Uifejea’* 

Khccrf record* war met favnd, Of the 132 mbjeco retested m l9U.the 10 
wrtfc rt i akr x l kswe beee excluded. 
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(10 to 15 fig per deciliter). 1 The agency estimated that 
3 to 4 million American children have blood lead lev¬ 
els in excess of 0.7 /xmol per liter. The mean blood 
level among our subjects with high tooth lead levels, 
estimated in 1979 from a limited lead-screening pro¬ 
gram, was 1.6 ftmol per liter (34 fig per deciliter) 
(range, 0.87 to 2.6 /xmol per liter [18 to 54 fig per 
deciliter)). For subjects with low tooth lead levels, it 
was 1.2 fimol per liter (24 fig per deciliter) (range, 
0.58 to 1.7 fj. mol per liter [12 to 36 fig per deciliter)). 
Thus, the lead levels in the reference sample used in 
the calculation of the odds ratios for one high-lead* 
level group were relatively high by contemporary 
standards. 

The data presented here indicate that exposure to 
lead, even in children who remain asymptomatic, may 
have an important and enduring efTect on the success 
in life of such children and that early indicators of lead 
burden and behavioral deficit are strong predictors of 
poor school outcome. For the small group of 10 sub¬ 
jects who were diagnosed earlier as having plumbism, 
the outcome was especially dire; half of these young 
people have reading disabilities, and almost half left 
high school before graduation. Given the federal esti¬ 
mates that 16 percent of children in the United States 
have elevated blood lead levels (>0.7 /xmol per liter 
[15 fig per deciliter)), the implications of these find¬ 
ings for attempts to prevent school failure are intrigu- 
i:*g. The practical importance of early detection and 
abatement of lead in the environment, before it enters 
the bodies of children, is borne out by these long-term 
findings in young adults. 

Wc arc indebted to Drs. Rkhard Frank, Constantine Gatsonis, 
Alan Mirsky, and Rolf Loeber for their careful review and critiques 
of the manuscript and to Ms. Pat Hadidian for her careful work in 
finding subjects and reviewing records. 
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Letter to the New England Journal of Medicine 
(September, 1990] 

To the Editors: In their January 11 article Needleman et al. ' report strikingly 
large effects of low lead levels on several late adolescence outcomes. For 
example, an estimated 7.4-fold increased odds of school failure was attributed 
to childhood lead dentin levels above 20 ppm. Such massive effects sizes 
contrast sharply with results of other studies relating low lead level to earlier 
developmental outcomes ***. The authors argue that the estimated effects 
represent causal relationships because their analysis controlled for ten soclo- 
demographic covariates. This conclusion of causality may be premature, however, 
because th© covariate set did not include measures of the quality of child care 
(i.e., parental responsitivity, involvement with the child, provision of books, 
suitable playthings, etc.), a primary confounder in previous studies of 
developmental lead effects. Thus the reported lead effects may be partly due to 
spurious association Induced by variations In the caretaking environment. 

Indices of child care quality such as the HOME 5 and the CLL * have repeatedly 
been found to be strongly related to lead level In poor and working class 
children. duality of child care Is also strongly associated with 
developmental outcome 8 , including school performance through adolescence 18 . 
These confounding effects are conceptually distinct from and only partly 
accounted for empirically by socio-demographic variables such as maternal IQ and 
parental education" , which were Included as covariates by Needleman et al. The 
fact that none of the reported lead effects were attenuated by Inclusion of their 
covariates, as is usually the case in observational studies of low lead levels, 
indicates that confounders such as child care way not have been fully controlled. 

On another matter, the present report Is a follow-up of a 1979 report 18 
which troubled reviewers" , in part, because many cases were excluded after 
testing. In a written response to the review ", Needleman reported data 
indicating that a key IQ analysis was substantially affected by 16 of the 
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excluded children with excess lead, or plumbism: Prior to exclusion, with 
N = 187, the lead effect £ = -1.51 (g = .133, 2 - sided); after exclusion, with 
N = 171, £ = -2.56 (g = .011). This suggests the presence of high IQ’s in the 
plumbism group. In the present follow-up report, the previously excluded cases 

i 

who agreed to participate were Incorporated In the analysis. Including, In 

separate descriptive summaries, ten of the plumbism cases. Five of these 

1 

plumbism cases had reading disabilities, and three out of seven failed to 
graduate high school. These high proportions of adverse outcomes seem to 
corroborate the hypothesized lead effect. However, In view of the apparently 
contradictory IQ data described above, a summary of the IQ scores of all 16 
plumbism cases would be helpful In assessing the implications of the findings. 
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FIGURE 2-4 . . 

Maximal Nerve Conduction Time as a Function of Blood Lead Level 
In Children, 5-9 Years Old. Data from 202 children are fit 
to logistic, quadratic and "Hockey Stick* models 

Source: Schvart 2 et a 1.. 1988 
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FIGURE 2-7 

Probit Oose-Response Functions for Elevated Erythrocyte 
Protoporphyrin as Function of Blood Lead Level In Children. 
Geometric Mean ♦ 1 SO - 33 yg/dt; Geo®etr1C Mean ♦ 2 SO - 53 yg/dl 

Source: Plomelll et al., 1982 
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FIGURE 4-4 


Nummary of Relationships Between Dally lead Uptake and Blood lead for 
Infants (Ryu et al., 1983; Lacey et al., 1983), Adults (Sherlock et al.. rg 
1982; Cools et al., 1978) and 2- to 3-Year-Old Children, Derived Frotu the g 
Harley and Knelp (1985) Bloklnetlc Hodel r* 
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Source: U.S. IPA, 1989a 
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EI6URE 2-2 

Child IQ at a Function of Blood Lead Level In Children 3-7 Years Old 
Source: Schroeder and Hawk, 1987 
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FIGURE 2-3 

British Ability Scales Combined Score (8ASC, Means and 
95% Confidence Intervals) as a Function of Blood Lead Level 
In Children 6-9 Years Old 

Source: Fulton et a!., 1987 
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U.S. BLOOD-LEAD VALUES FROM LITERATURE * 1935-1990 
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14 

42 

: 37 

1971 

16.6 

140 

Greenwich Village, NY Tepper 

14 

43 

i 38 

1971 

17.6 

147 

Bridgeport, IL 

Tepper 

14 

44 

39 

1971 

13.9 

208 

Lombard, IL 

Tepper_ 

1 4 
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U.S. BLOOD-LEAD VALUES FROM LITERATURE - 1935-1990 


1 

A 

B J" 

c TTH 

“1 T~f" 

G 

1 H 

1 

45 

40 

1971 

12.5 

191 

Houston 

Tepper 

1 4 

45 

41 

1971 

19.2 

219 

Washington, DC 

Tepper 

1 4 

4 7 

42 

1972 

19.2 

420 

U.S.A. 

McLaughlin 1 5 

48 

43 

1973 

11.7 

403 

S. California 

Goldsmith 

1 6 

49 

44 

1973 

15.9 

114 

Hartford 

Osborne 

17 

50 

45 

1973 

17 

76 

Honolulu 

Joselow 

18 

51 


1974 

14.6 

89 

Ann Arbor, MI 

Hecker 

1 9 

52 

<17 

1974 

16.4 

126 

Los Angeles 

Johnson 

20 

53 

48 

1974 

10.5 

119 

Lancaster, CA 

Johnson 

20 

54 

49 

1975 

18.4 

36 

Houston 

Johnson 

21 

55 

50 

1975 

21.3 

36 

Houston 

Johnson 

21 

56 

51 

1975 

12.4 

81 

Houston 

Johnson 

21 

57 

52 

1975 

16.6 

258 

U.S.A. 

Baker 

22 

58 

53 

1975 

20.6 

236 

Fontana, CA 

Wei Liang 

23 

59 

54 

1976 

17.2 

56 

Upstate, NY 

Perkins 

24 

60 

55 

1976 

15.7 

60 

Salt Lake City 

Smith 

25 

61 

56 

1977 

14.2 

76 

Culver City, CA 

Report 

26 

62 

1 57 

1977 

13.5 

25 

Culver City, CA 

Report 

26 

63 

58 

1977 

16.3 

19 

U.S.A. 

Hammond 

27 

64 

I 59 

1978 

16.3' 

67 

Culver City, CA 

Report 

26 

65 

1 60 

1978 

15.4 

43 

Culver City, CA 

Report 

26 

66 

61 

1978 

16.1 

44 

Culver Gty, CA 

Report 

26 

67 

62 

1979 

11.5 

9 

Atlanta 

Landiigan 

28 

68 

63 

t 

1981 

9.85 

695 

Louisville 

Angell 

29 

69 

1 64 

i 

1982 

6.6* 

11837 

Poston, MA 

Rabinowitz 

30 

70 

1 65 

1983 

12 

122 

Pinehurst, ID 

CDC 

31 

71 

66 

1983 

6 

61 

Helena, MT 

CDC 

31 

72 

67 

1983 

8 


Festus, MO 

Phillips 

32 

73 

68 

1986 

6.5* 

216 

Boston, MA 

Bellinger 

33 

74 

| 69 

1986 

6.5 

118 

Cleveland, OH 

Emhart 

34 

75 

I 70 

1986 

6.1 

258 

Telluride, CO 

Albert 

35 

76 

77 

78 

71 

1987 

8 

305 

Cincinnati, OH 

Dietrich 

36 

_J 
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U.S. BLOOD LEAD LITERATURE DATA 
1935 - 1990 
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Kehoe, R. A., Thamann, F. and Cholak, J., "Normal Absorption and Excretion of Lead 

laumaLofihgLAmerican MedicaL Ass!n . JM, pp. 90-92,1935. 

McMillen, J. H. and Scott, G. H., "Spectrographic Studies of Lead in Human Blood," 
Braceedings_of the Society for Experi mental Biology and Medicine. 21* pp. 364-365, 
Dec. 1936. 

Smith, F. L. 2nd, Rathmell, T. K. and Marcil, G. E., "The Early Diagnosis of Acute and 
Latent Plumbism," American Journal of Clinical Pathology. £, pp. 471-508, 1938. 

Kaplan, E and McDonald, J. M., "Blood Lead Determinations as a Health Department 
Laboratory Service," American J. of Public Health . 22, pp. 481486, May 1942. 

Kehoe, R. A., Cholak, J. and Story, R. V., "A Spectrochemical Study of the Normal 
Ranges of Concentration of Certain Trace Metals in Biological Materials," The Journal 
of Nutrition. 12, pp. 579-592, 1940. 

Letonoff, T. V. and Reinhold, J. G., "Colorimetric Determination of Lead Chromate 
by Diphenylcarbaade. Application of a New Method to Analy's of Lead in Blood, 
Tissues, and Excreta," Ind. and Eng. Chem. . Analytical Edition. H, pp. 280-284, 

May 15, 1940. 

Kehoe, R. A., Conference on Lead Poisoning, Seventh Annual Congress on Industrial 
Health, Boston, pp. 36-54, September 30 - October 2, 1946. 

"Survey of Lead in the Atmosphere of Three Urban communities," U.S. Public Health 
Service Publication, No. 999-AP-12, Environmental Health Series, Air Pollution, Jan. 
1965. 

Hofreuter, D. H., Catcott, E. J., Keenan, R. G. and Xintaras, C., "The Public Health 
Significance of Atmospheric Lead," Arch. Env. Health. 2, pp. 568-574,1961. 

Siegel, G. S., "Lead Exposure Among Decorative and House Painters,” Arch. Env. 
Health. & pp. 720-723,1963. 

Butt, E. M., Nusbaum, R, E., Gilmour, T. C., DLDio, S. L., and Sister Mariano, 
Trace Metal Levels in Human Serum and Blood," Arch. Env. Health . & pp. 52-57, 
Jan. 1964. 

Goldwater, L. J. and Hoover, W. A., "An International Study of 'Normal' Levels of 
Lead in Blood and Urine," Arch. Env. Health. )5. pp. 60-63, July 1967. 

McLaughlin, M., et al .. "Longitudinal Studies of Lead Levels in a U.S. Population," 
Arch. Env. Health. 21 pp. 305-311, Nov. 1973. 

Tepper, L. B. and Levin, L S., "A Survey of Air and Population Lead Levels in 
Selected American Communities," Department of Environmental Health, Kettering 
Laboratory, University of Cincinnati, Final Report, 1972. 
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McLaughlin, M. and Stopps, G. J., "Smoking and Lead," presented at American 
Academy of Occupational Medicine, Pittsburgh, Feb. 1972. 

Goldsmith, J. R., "Food Chain and Health Implications of Airborne Lead," 
Epidemiological Studies Laboratory, California State Department of Health, September 
1974. 

Osborne, R. G., et al .. 'The Influence of Environmental Factors on Maternal and 
Neonatal Blood Lead Levels," ConnecricuiMedicine. 4Q, No. 7, pp. 452-455, July 
1976. 

Joselow, M„ M., et al .. "Environmental Contrasts: Blood Lead Levels of Children in 
Honolulu and Newark," J. , Env . Health . 21 No. 1, pp. 10-12, 1974. 

Hecker, L E., et al .. "Heavy Metals in Acculturated and Unacculturated Populations," 
Arch. Env. Health. 22, pp. 181-185, October 1974. 

Johnson, D. E., et al .. "Levels of Platinum, Palladium, and Lead in Populations of 
Southern California," Env. Health Perspectives. 12, pp. 27-33,1975. 

Johnson, D. E., et al .. "Trace Metals in Occupationally and Non-Occupationally 
Exposed Workers," Env. Health Perspectives. IQ. pp. 151-158, April 1975. 

Baker, E. L, et al .. "A Nationwide Survey of Heavy h^etal Absorption in Children 
Living Near Primary Cu, Pb and Zn Smelters," American Journal of Epidemiology. 

106. No. 4, pp. 261-273, 1977. / 

Wei Liang, "Study on Hazards of Leaded Gasoline," Clinical Pediatrics , pp. 
791-794, September 1977. 

Perkins, K. C., £La). "Elevated Blood Lead in a 6-Month-Old Breast-Fed Infant: The 
Role of Newsprint Logs," Pediatrics . 2L No. 3, pp. 426-427, March 1976. 

Smith, T. J., et al .. "Cadmium, Lead and Copper Blood Levels in Normal Children," 
ClimcaLToxicology. 9 (1). pp. 75-87,1976. 

"Report on Study of Blood Lead Concentration in Culver City School Children," Table 
1 (no formally published reference). 

Hammond, P. B., et al. . "Relationship of Biological Indices of Lead Exposure to the 
Health Status of Workers in a Secondary Lead Smelter," Journal of Occupational 
Medicine. 22. No. 7. July 1980. 

Landrigan, P. J., et al .. "Lead Exposure in Stained Glass Workers," American Journal 
of Industrial Medicine. 1. pp. 177-180, 1980. 

Angeli, N. F., et al .. "The Relationship of Blood Lead Levels to Obstetric Outcome," 
American Journal of Obstetrics and Gvnecologv. Ji2 0), pp. 40-46,1982. 

Rabinowitz, M. B., Needleman, H. L (1982) "Temporal trends in the lead concentrations 
of umbilical cord blood," Science (Washington. DC), 216, pp. 1429-1431. 
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(31) CDC{Centers for Disease Control] (1983), Kellogg Idaho Child Lead Study, Summer 
11983. Panhandle District Health Department; Idaho Dept of Health and Welfare; U.S. 

EPA. July 1986. 

(32) CDC [Centers for Disease Control] East Helena, Montana Child Lead Study, Summer 
1983. Lewis and Clark county Health Dept., Montana Dept of Health and Environ. Sci., 
U.S. Dept of Health and Human Services, U.S. EPA. July 1986. 

(33) Phillips, P. E., Vombexg, D. L. (1986) "Pediatric blood lead levels in Herculaneum, 
Missouri-1984," Presented to the Society for Environmental Geochemistry and Health at 
the 20th Annual Conference on Trace Substances in Environmental Health, Columbia, MO, 
June 5,1986. 

(34) Bellinger, D., Leviton, A., Rabinowitz, M. Needleman, H., Watemaux, C. (1986), 
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P. A., Bier, M, (1987), "Low-level fetal lead exposure effect on neurobehavioral 
development in early infancy," Pediatrics. 8Q, pp. 721-730. 
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REVIEW 

1989 Alice Hamilton Lecture 1 
Lead and Human Health: Background and Recent Findings 
Morton Ljppmann 

New York University Medical Center, institute of Environmental Medicine, 

Tuxedo, New York J09S7 

Received March 22, 1989 

This paper, prepared in tribute to Dr. Alice Hamilton on her 120th birthday, reviews her 
pioneering studies of occupational lead poisoning and its control, her largely unheeded 
warnings about the possible consequences of widespread lead exposure to the general public 
through the use of leaded fuel, and the results of recent studies of humas exposure to and 
healthi effects of lead in the general environment. Evidence is presented for dose-related 
non-threshold effects for children with blood lead concentrations below 25 pg/d3 for a 
variety of effects including verbal IQ; mental development; physical size; and age at phys¬ 
ical milestones such as first steps, hearing thresholds, and postural sway. For adults, various 
studies have produced associations between blood pressure and blood lead concentrations 
below 35 Rg/dl, suggesting possible effects on cardiovascular health. While the biological 
mechanisms responsible for these effects remain poorly understood, recent and current 
efforts to reduce exposure to lead by the virtual elimination of lead in gasoline and food 
packaging show that we have learned one of Dr. Hamilton's Important lessons, i.e., that the 
most effective means of reducing excessive exposures are through control of the environ* 
mental sources, e i»o Ac*see*c Prru. fac. 

INTRODUCTION 

The invitation to present the second Alice Hamilton lecture led me to reread her 
autobiography (Hamilton, 1943) Exploring the Dangerous Trades (Fig. 1) which, 
in turn, led me to select lead’s effects on human health as the focus of this lecture. 
The systematic study of lead poisoning among industrial workers which Dr. Ham* 
flton performed so well, virtually single-handedly, in Illinois in 1910 led her, and 
those she influenced, to new careers in occupational medicine and worker health 
protection. Her emphasis on exposure prevention through the application of en* 
gineering controls to process technology gave powerful impetus to the develop* 
ment of the field of industrial hygiene in this country. 

Dr. Hamilton was personally persuasive. She had to be. As she has written: 

Our procedure in the Illinois survey and in the work that I carried on later for the Federal 
government was completely Informal. We had no authority to enter any plant, we had no 
instructions as to which we should visit, we simply explored the state. When we found a 
place which seemed to belong in our field, we asked permission to enter it. Never were we 
refused, never did I, at least, meet with anything but courtesy in those very early days. 


* Presentation: National Institute for Occupational Safety and Health, Cincinnati, Ohio. February 
27. 1989. 
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Fic. I. Frontispiece and title page of Exploring the Dangerous Trades . 


As Dr. Hamilton noted, however, it was usually difficult to convince manage¬ 
ment that the conditions and exposures she observed were sufficient to warrant 
controls. As a good example she cites the following: 

... the National Lead Company ... had seven! white-lead and lead-oxide works in and 
near Chicago, I visited them and found much dangerous work going on in all of them. One 
of the vice-presidents, Eduard Cornish, taler president, came to Chicago and 1 went to see 
him in the Sangamon Street works. He was both indignant and incredulous when I told him 
3 was sure men were being poisoned in those plants. He had never heard of such a thing; 
it could not be true; they were model plants. He went to the door and shouted to a passing 
workman to come in. “Did the lead ever make you skk?“ he demanded. The man. a badly 
scared Slav stammered, “No, no. never sick.” “Any other men sick?” demanded Mr. 
Cornish, “ho. no. all good,“ and the poor man escaped quickly. “There”, said Mr. Cor¬ 
nish, “you see!“ “But 1 do not see.“ 1 answered. “Your men are breathing white-lead dust 
and red lead and litharge and the fumes from the oxide furnaces. They are no different from 
other men; a poison is a poison to them as it is to any man.” He thought a moment and then 
he said, “Now, see here. 1 don't believe you are right, but I can see you do. Very weD then, 
it is up to you to convince me. Come back here with proof that my men are being leaded 
and I give you my word I will follow all your directions, even to employing plant doctors.” 

It was not an easy task I faced, tracking down actual, proved cases of lead poisoning 
among men who came from the Serbian, Bulgarian, and Polish sections of West and 
Northwest Chicago, and were known to the employing office only as Joe, Jim, or Charlie, 
with no record of their street and number! It meant digging up hospital records, for I had 
to be sure of the diagnosis, then a search for the home, and finally an interview with the 
wife to discover where the man had been working, for of course no hospital interne ever 
noted where the victim of plumbism had acquired the lead. Hospital history sheets noted 
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carefully aU the facts about tobacco* alcohol* and even coffee consumed by the leaded man, 
though obviously he was not suffering from those poisons; but curiosity as to how he 
became poisoned with lead was not in the interne's mental make-up. 

In the end I was able to present Mr. Cornish with authentic records of twenty-two cases 
of piumbism severe enough to require hospital care. He was better than his word. Begin¬ 
ning with the Sangamon Street works, he went on to reform all the plants in the Chicago 
region, and this meant dust and fume prevention, often by methods which had never before 
been worked out. There were no models to follow; the engineers faced new problems. As 
each was solved, Mr. Cornish sent the blueprints to the plants in other states and later on, 
when 1 visited these, invariably I found the same changes being introduced. I had told Mr. 
Cornish he could never fully protect his men unless he employed doctors to keep strict 
watch over their condition, to make at least a brief inspection of each lead worker once a 
week. He accepted this recommendation without protest and before our report was pub¬ 
lished there was a medical department in each plant of the National Lead Company in 
Illinois. I have met many admirable men in industry throughout these thirty-two years, but 
my warmest gratitude and admiration goes to Edward Cornish. 

In commenting on the lack of adequate governmental regulation of occupational 
exposures, and the apparently automatic opposition of industry to tighter regula¬ 
tion Dr. Hamilton remarked: 

Perhaps it is our instinctive American lawlessness that prompts us to oppose all legal 
control, even when we are willing to do of our own accord what the law requires. 

It is clear that Dr. Hamilton was a shrewd and wise observer as well as an 
inquisitive investigator and pioneer. It is now also clear that failure to pay close 
attention to her farsighted concerns about tetraethyl lead in 1925 has had serious 
public health consequences. 

The use of organic compounds of lead as antiknock motor vehicle fuel additives 
has clearly been the dominant source of a worldwide dispersion of lead into the 
environment and into people. Since leaded gasoline was introduced in 1923, it has 
increased background levels everywhere, including the Greenland ice cap (Fig. 2). 

Several years ago, Rosner and Markowitz (1985) reviewed the public health 
controversy over leaded gasoline during the early 1920s, including the role played 
by Dr. Hamilton. The following is a selective condensation of their review. The 
introduction of leaded gasoline led to a series of fatalities and severe poisonings 
among employees of the producing companies in Bayway. New Jersey; Dayton, 
Ohio; and Deepwater, Delaware. On the other hand, in February 1924 the Bureau 
of Mines concluded that ethyl gas posed no threat to the public on the basis of a 
series of toxicological studies it performed in its laboratories with funds donated 
by the industry. In response to the public controversy which ensued, Dr. Ham¬ 
ilton wrote to Surgeon General Hugh Dimming in February 1925 suggesting the 
“desirability of having an investigation made by a public body which will be 
beyond suspicion.” 

In April 1925, the Surgeon General announced that he was calling together 
experts from business, labor, and public health to assess the tetraethyl lead sit¬ 
uation. The conference convened on May 20, 1925. According to Rosner and 
Markowitz, the industry position could be summed up as follows: (1) “leaded 
gasoline was essential to the industrial progress of America”; (2) “any innova¬ 
tions entails certain risks"; and (3) "the major reason that deaths and illnesses 
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Fig. 2. Lead concentration, profile in snow strau of Northern Greenland (EPA, 1986). 


occurred at their plants was that the men who worked with the materials were 
careless and did not follow instructions.” The strongest and most authoritative 
critic of industry was Dr. Yandel! Henderson, a noted physiologist at Yale. The 
following are excerpts from Rosner and Markowitz (1985). 

He (Henderson) told the conference that lead was a serious public health menace that could 
bt equaled to the serious infectious diseases then affecting the nation’s health. Unlike 
industry spokespeopfe who defined the problem as one of occupational health and main* 
twined that individual vigilance on the part of workers could solve the problem, Henderson 
believed that leaded gasoline was a public health and environmental health issue that 
required federal action. He expressed honor at the thought that hundreds of thousands of 
pounds of lead would be deposited in the streets of every major city in America. His 
warning to the conference of the long-term dangers proved to be an accurate prediction: 
"conditions would grow worse so gradually and the development of lead poisoning will 
come on so insidiously ... that leaded gasoline will be in nearly universal use and large 
numbers of can wiB have been sold .. . before the public and the government awaken to 
the situation." 

Dr. Hamilton agreed with those opposed to tetraethyl lead. At the conference she ex¬ 
pressed her belief that the environmental health issues were far more important than the 
occupational health and safety issues, adding that she doubted that any effective measures 
could be implemented to protect the general public from the hazards of widespread use of 
leaded gasoline. "You may control conditions within a factory," she said, "but how are 
you going to control the whole country?** In an extended commentary after the conference 
on the issues that it raised, Hamilton stated, "1 am not one of those who believe that the 
use of this leaded gasoline can ever be made safe. No lead industry has ever, even under 
the strictest control, lost all its dangers. Where there is lead some cases of lead poisoning 
sooner or later develops, even under the strictest supervision." 

Most public health professionals did not agree with Henderson and Hamilton, however. 

Many took the position that it was unfair to ban this new gasoline additive until definitive 
proof existed that it was a real danger. In the face of industry arguments that oil supplies 
were limited and that there was an extraordinary need to conserve fuel by making com- 
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bustion more efficient* most public health workers believed that there should be over¬ 
whelming evidence that leaded gasoline actually harmed people before it was banned. Dr. 
Henry F. Vaughan* president of the American Public Health Association, said that such 
evidence did not exist. "Certainly in a study of the statistics in our large cities there is 
nothing which would warrant a health commissioner in saying that you could not sell ethyl 
gasoline," he pointed out. Vaughan acknowledged that there should be further tests and 
studies of the problem but that "so far as the present situation is concerned, as a health 
administrator I feel that it is entirely negative." 

Despite the widespread ambivalence on the part of public health professionals and the 
opposition to any curbs on production on the part of industry spokespeople, the public 
suspicions aroused by the preceding year’s events led to a significant victory for those who 
opposed the sale of leaded gasoline. At the end of the conference, the Ethyl Corporation 
announced that it was suspending the production and distribution of leaded gasoline until 
the scientific and public health issues involved in its manufacture could be resolved. The 
conference also called upon the Surgeon General to organize a blue ribbon committee of 
the nation’s foremost public health scientists to conduct an investigation of leaded gasoline. 
Among those asked to participate were David Edsall of Harvard University, Julius Steiglitz 
of the University of Chicago, C.-E. A. Winslow of Yale University and the American 
Public Health Association. For Alice Hamilton and other opponents of leaded gasoline, the 
conference appeared to be a major victory for it wrested from industry the power to decide 
on the future of an important industrial poison, and placed it in the hands of university 
scientists. "To anyone who had followed the course of industrial medicine for as much as 
ten yean," Alice Hamilton remarked one month after the conference, "this conference 
marks a great progress from the days when we used to meet the underlings of the great 
munition makers [during World War IJ and coax and plead with them to pul in the pre¬ 
cautionary measures ... This time it was possible to bring together in the office of the 
Surgeon General the foremost men in industrial medicine and public health and the men 
who are in real authority in industry and to have a blaze of publicity turned on their 
deliberations." 

As a result of their study, the committee concluded seven months after the conference 
that "in its opinion there are at present no good grounds for prohibiting the use of ethyl 
gasoline... provided that its distribution and use are controlled by proper regulations." 

They suggested that the Surgeon General formulate specific regulations with enforcement 
by the states. This group saw their study as only an interim report, to be followed by longer 
range follow-up studies in ensuing yean. In their final report to the Surgeon General, the 
committee warned: "it remains possible that if the use of leaded gasoline becomes wide* 
spread conditions may arise very different from those studied by us which would render its 
use more of a hazard than would appear to be the case from this investigation. Longer 
experience may show that even such slight storage of lead as was observed in these studies 
may lead eventually in susceptible individuals to recognizable or to chronic degenerative 
diseases of a less obvious character." 

Recognizing that their short-term investigation was incapable of detecting such danger, 
the committee concluded that further study by the government was essential: "In view of 
such possibilities the committee feels that the investigation begun under their direction 
must not be allowed to lapse ... It should be possible to follow closely the outcome of a 
more extended use of this fuel and to determine w hether or not it may constitute a menace 
to the health of the general public after prolonged use or other conditions not now foreseen 
... The vast increase in the number of automobiles throughout the country makes the 
study of all such questions a matter of real importance from the standpoint of public health 
and the committee urges strongly that a suitable appropriation be requested from Congress 
for the continuance of these investigations under the supervision of the Surgeon General of 
the Public Health Service." 

In view of what we now know about the health effects of low levels of lead in 
the body, it is quite unfortunate that the further investigations called for by the 
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Surgeon General’s committee did not take place for more than four decades, 
during which lead was spread far and wide in quantities which the committee 
could hardly have envisaged. For example, in 1970, when lead use in gasoline 
peaked, 252,654 metric tons were used and the total consumption over the period 
1929-1983 was 6,635,059 metric tons. Of this, approximately 10% was retained in 
the engine oil, 15% deposited in the exhaust system, 35% emitted as submicrome¬ 
ter-sized aerosol, and 40% emitted as >10-p.m particles (EPA, 1986). 

REVIEW OF HUMAN EXPOSURE AND HEALTH EFFECTS 

Quoting once again from Dr. Hamilton’s Exploring the Dangerous Trades: 

Lead is the oldest of the industrial poisons except carbon monoxide* which must have 
begun to take its loll soon after Prometheus made the gift of fire to man. In Roman days* 
lead poisoning was known, for Pliny the Elder includes it among the "diseases of slaves*** 
which were potters* and knife grinders’ phthisis, leid and mercurial poisoning. 

Throughout all the centuries since then men have used this valuable metal in many ways, 

•*« and from time to time an observant physician has seen the results and described them, 
notably Ramazzini in the eighteenth century, and early in the nineteenth century the great 
Frenchman, Tanquerel des Planches. It is a poison which can act in many different ways, 
some of them so unusual and outside the experience of the ordinary physician that be fails 
to recognize the cause. I could never feel that I had uncovered all the cases in any com¬ 
munity, no matter how small, even after I had talked with all the doctors and gone through 
the hospital records, for some doctors would not pronounce a case to be due to lead 
poisoning unless there was either colic or palsy, which is as if he refused to recognize 
alcoholism unless there were an attack of delirium tremens. 

It is true that a severe stuck of colic is the most characteristic symptom of lead poison¬ 
ing, and palsy—usually in the form of wristdrop—is the one most easOy recognized, but 
ahere are many other manifestations of this protean malady, as every physician knows 
aoday. Thirty years ago it was not hard to find extremely severe forms, such as could come 
only from an exposure so great ns to seem criminal to us now, but which then attracted no 
attention. 

Dr. Hamilton was writing about the situation as of 1942. By then, as now, overt 
clinicaJ symptoms of lead poisoning only occurred when available knowledge 
about lead toxicity and exposure control are not taken into account. In 1970, 3 
months after Dr. Hamilton passed away, the federal Occupational Safety and 
Health Act (OSHA) was passed. This led, in 1971, to the adoption of an interim 
Permissible Exposure Level (PEL) of 200 jtg/m 3 for lead dust in air. In 1979, a 
permanent OSHA standard was implemented. It specified a PEL of 40 *ig/m 3 , as 
well as a blood lead concentration limit of 50 |Ag/dI. 

More subtle health effects, resulting from exposures below the PEL, are known 
to occur and were addressed by the Environmental Protection Agency (EPA) in 
preparing the 1978 National Ambient Air Quality Standard (NAAQS) of 1.5 |xg/m 3 
as a 3-month average. While EPA has completed its latest criteria document for 
lead in ambient air (EPA, 1986), it has not yet proposed a revised NAAQS. 
However, concern about low-level lead exposure has led EPA to propose, on 
S'18/88, a maximum contaminant level goal (MCLG) for drinking water of zero 
(CFR 53 (160) 31516). EPA is also considering regulating lead as a carinogen, as 
a toxic component in incinerator ash, and as a teachable constituent in Superfund 
sites. 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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For infants and small children, significant body burdens of lead can be acquired 
from ingested soil and paint chips. Household dust and garden soil, especially in 
urban areas can be greatly enriched in lead from the fallout of airborne particles 
from motor vehicles burning leaded fuels. Another major source in older homes is 
paint flakes and chips containing lead-based pigments. It has been illegal to use 
such pigments in interior paint for more than 50 years, but there are large inven¬ 
tories within older buildings which can be readily mobilized and dispersed during 
maintenance and renovations. ATSDR (1988) indicates that 40 million households 
in the United States contain hazardous quantities of leaded paint. 

Yaffe et at. (1983) reported that the isotopic ratios of lead in the blood of 
children were close to the average lead ratios of paints from exterior walls and to 
the lead ratios of surface soils in adjacent areas where the children played. Their 
data suggest that the lead in the soil was derived mainly from weathering of 
lead-based exterior paints, and that the lead-contaminated soil was a proximate 
source of lead in the blood of the children. 

As shown in Fig. 3, the most significant contributors to current body burdens of 
lead include direct air inhalation, inhalation or direct ingestion of settled dust, and 
the ingestion of food and water. Some old housing stock has lead pipe which can 
elevate potable water concentrations substantially. Lesser, but still significant, 
elevations can occur in water delivered via modem copper and brass pipe due to 
leaching of lead from the solder in the joints. Foods can be enriched in lead from 
a variety of sources. Lead in the air can deposit on leafy vegetables and fruits and 



FECES URINE 

Fig. 3. Pathways of lead from the environment to and within man (EPA, I9S6). 
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leave residues which are ingested. Lead in the soil can be incorporated into the 
: growing plant. Canned foods can also extract lead from solder used to seal the 
can. 

Lead exposures and blood lead levels among the general population have de¬ 
clined substantially in recent years. The most substantial reduction has been due 
to the switch from leaded to unleaded gasoline as motor vehicle fuel. This had an 
immediate effect on air lead (Fig. 4) and a parallel reduction in average blood lead 
(PbB) concentration which lagged by —3 months (Fig. 5). The lag occurred be¬ 
cause most of the tailpipe lead reached people indirectly through exposure to 
resuspended soil and through incorporation into foodstuffs. Further reductions 
have occurred as the food packaging industry has reduced the use of solder in 
cans. Table 1 from the 1986 EPA Criteria Document summarizes the contributions 
: to lead in blood from the major sources for 2-year-old children in the early 1980s. 

RECENT HEALTH EFFECTS FINDINGS 

The literature on human exposures to lead and their health effects is volumi¬ 
nous. The 1986 EPA criteria document was published in four volumes containing 
1336 pages. This discussion will be limited to the more descriptive research rel- 
: ative to low-level population exposures and the chronic health effects associated 
with such exposures. In most cases, this limits the review to studies of the asso¬ 
ciations between exposure and health effects in humans, since the low-dose ef¬ 
fects of interest have seldom been seen in animal toxicology studies conducted at 
higher levels of exposure. The disturbing implication that conventional animal 



Fig. 4. Lead consumed in gasoline and ambient lead concentrations. 1975—1983 lEPA, 1986). 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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YEAR 


Fig. 5. Parallel decreases in blood lead values observed in the NHANE5 II Study and amounts of 
lead used in gasoline during 1976-1980 (EPA, 1986). 

toxicology provides little useful information about some serious human chronic 
health issues is a subject for another paper and will not be discussed further here. 

The effects that have been associated with blood lead (PbB) concentrations <40 
p.g/dl will be the main focus of this selective review. These include the effects of 
prenatal and early childhood exposures on physical and neurobehavioral devel¬ 
opment of children, and the influence of chronic low-level exposure on cardio¬ 
vascular function in adults. These low-exposure-related effects are of interest in 
relation to both occupational and general environmental exposures. The effects in 
young children may be due to exposures in ulero of working mothers (Wang et a!., 
1989), and to lead brought into the home on work clothing of family members with 
occupational exposures (Baker et at., 1977; Kaye et at., 1987; Wang et at., 1989). 


TABLE I 

CONTRJRUTIONS FROM VARIOUS MEDIA TO BLOOD LEAD LEVELS (|ig'dl) OF U.S. CHILDREN 
(Age ■ 2 Years): Background Levels and Incremental Contributions from Air 


Air lead, 


Source 

0 

045 

040 

0,75 

1.00 

145 

1.50 

Ba c k ground—oofv-*ir 

Food, water, and beverage* 

247 

247 

2.37 

247 

247 

247 

2.37 

Dim 

0.30 

0.30 

6.30 

0.30 

040 

040 

0.30 

Subtotal 

2.67 

2.67 

2-67 

2.67 

2.67 

2.67 

2.67 

Background—air 

Food, water, and beverage* 

1-65 

1.65 

1.65 

1.65 

1.65 

1.65 

1.65 

Invested dust (with Pb 

- deposited from air) 

0.00 

1.57 

3.09 

4.70 

6.27 

7.84 

9.40 

Inhaled air 

0.00 

0.50 

1.00 

140 

2.00 

2.50 

3.00 

Total 

442 

649 

8.41 

10.52 

12.59 

14.66 

16.72 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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Table 2 shows PbB levels in children of workers from a Colorado plant making 
capacitors and resistors (Kaye et al., 1987). 

Neurobehavioral and Developmental Effects in Children 

The 1986 EPA criteria document on lead contains a thorough critical review of 
the literature on the neurobehavioral effects of chronic lowlevel lead exposures in 
children. While various maladaptive behaviors, neuropsychological deficits, and 
neuroanatomical changes have been associated with chronic exposures to rela- 
tively low concentrations of lead, no single mechanism appears sufficient to ac¬ 
count for the diverse effects. It is more likely that lead acts at several cellular and 
subcellular sites. Lead readily enters the brain and appears to be selectively 
deposited in the hippocampus and cortex as well as in nonneuronal elements that 
are important in the maintenance of “blood-brain barrier’* functions. Once de¬ 
posited, lead is retained in the brain for long periods of time even after external 
exposure ceases and PbB levels decline. These spatial and temporal patterns of 
brain lead accumulation correspond to neurobehavioral and morphologic abnor¬ 
malities associated with lead exposure. The sensitivity of the brain during the 
period of maximal brain growth and differentiation in the first 2 years of life tends 
to magnify the severity of the long-term consequences. 

Low PbB levels may contribute to behavioral disorders, such as attentional 
deficits and distractibility in essentially normal children not diagnosed as hyper¬ 
active. A study by Bellinger et al. (1984) suggests that measures of classroom 
performance may show long-term effects of early lead exposure. Silva et al. (1986) 
found similar results on 11-year-old children. Winneke et al. (1983) found that 
behavioral and attentional deficits as rated by teachers (e.g., disordered class¬ 
room activity, restless, easily distracted, not persistent, does not follow direc¬ 
tions, tow overall functioning) were significantly associated with children’s tooth 
and'PbB levels, which was consistent with the earlier association reported by 
Need’lemkji et al. (1979). The 1986 EPA criteria document has interpreted the 
Winneke et al. (1983) study, which also assessed lead-induced deficits in IQ and 
other psychometric tests, as showing overall neurobehavioral deficits at PbB 
levels possibly below 30 p.g/dl. 

In addition,' lead levels in young children have been consistently associated. 


TABLE 2 

Blood Lead in Lead Workers' Children, by Age Strata* 


Age category (years) 

Blood lead (m/dl) 

Exposed mean (range) 

Unexposed mean (range) 

<6 

13.4 (4-23) 

7.1* (M3) 

6-10 H 

11.1 (3-22) 

7.0 (5-9) 

>!1 19 

8.0 (1-22) 

5.0* (2-11) 

AH ages 

10.2 

6 . 2 * 


• Statistically significant (P < 0.001) between exposed and unexposed groups. Student’s test. 

* Kaye et ai t 1987. 
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following appropriate adjustments, with deficits in reaction time under varying 
intervals, which is an index of attentiveness, and with reaction behavior. The 1986 
EPA criteria document concluded that these findings argue for probable effects of 
lead on attention and vigilance functions at PbB levels extending below 30 fig/dl, 
and possibly, down to as low as 15-20 p.g/dl. 

; There is also evidence that low levels of lead may be associated with effects on 
some complex cognitive functions including learning, visual-perception skills, 
and IQ scores. The studies on children have attracted controversy because of 
difficulties associated with attributing subtle deficits in child development to lead 
exposure rather than to effects due to genetics, nutrition, medical history, access 
to education, and parental and social influences, all of which interact in potentially 
complex ways to mold an individual. 

On the basis of five methodological criteria (adequate markers of lead exposure, 
sensitive measures of neurobehavioral function, appropriate subject selection, 
control of confounding covariates, and appropriate statistical analysis), the 1986 
EPA criteria document identified a group of neurobehavioral studies that were 
conducted rigorously enough to warrant at least some consideration. The general 
indication from the better investigations is that PbB levels persistently elevated in 
the range of50-70 *ig/d! tend to be associated with about a 5-point reduction in IQ, 
even among asymptomatic children and after controlling for potentially confound¬ 
ing variables. 

However, considerable uncertainty has existed regarding lead's impact on IQ 
scores of children with PbB levels below 40 pg/dl. This uncertainty stems largely 
from the complex interaction between lead exposure over time, social factors, and 
intelligence scores, from the statistical and methodological limitations of cross- 
sectional studies to untangle these variables, and the range of interpretations that 
result from these studies. 

the 1986 EPA criteria document concluded from the Needleman et al. (1979) 
study and subsequent reanalyses (Needleman, 1984) that, after controlling for 
confounding variables including pica, average IQ decrements of about 4 points 
and other neurobehavioral deficits appear to be associated with lead exposures of 
U.S. children resulting in dentine lead values that exceed 20-30 ppm and likely 
average PbB levels in the 30-50 pg/dl range. Needleman et al. (1982) calculated 
that a 4-point decrement in the mean IQ of a normal population distribution would 
be associated with a threefold increase in the number of children with severe 
deficits (IQ < 80) along with a 5% reduction in the number of children who attain 
superior function (IQ > 125) (see Fig. 6). 

In order to avoid the normal array of confounding factors, Bellinger et al. (1987) 
performed a longitudinal analysis of prenatal and postnatal lead exposure and 
early cognitive development in 249 children. In general, the infants were healthy 
products of unremarkable pregnancies, with few of the characteristics of infants at 
increased risk of developmental handicap. Eighty-seven percent of the families 
were white, and 92% were intact. The differences among the families with infants 
in the three cord-blood lead groups were slight and generally not in the direction 
expected on the basis of studies of the social correlates of childhood lead expo¬ 
sure. On the basis of lead levels in umbiiicaJ-cord blood, children were assigned 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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Fig. 6 . Cumulative frequency distribution of verbal IQ scores in subjects with low or high levels of 
kad (Needleman el at., 1982). 


to one of three prenatal-exposure groups: low (<3 pg/dl), medium (6 to 7 (ig/dl), 
or high (**10 pg/dl). Development was assessed semiannually, beginning at the 
age of 6 months, with use of the Mental Development Index of the Bayley Scales 
of Infant Development. 

Regression methods for longitudinal data were used to evaluate the association 
between infants* lead levels and their development scores after adjustment for 
potential confounders. At all ages, infants in the high-prenatal-exposure group 
scored lower than infants in the other two groups. The results are summarized in 
Fig. 1. Scores were not related to infants’ postnatal blood lead levels. 

McMichael et al. (1988) studied the effect of environmental exposure to lead on 
children’s abilities at the age of 4 years in a cohort of 537 children bom during 1979 
to 1982 to women living in a community situated near a lead smelter at Port Pirie 
in Australia. Samples for measuring blood lead levels were obtained from the 
mothers antenatally, at delivery from the mothers and umbilical cords, and at the 
ages of 6,15, and 24 months and then annually from the children. Concurrently, 
the mothers were interviewed about personal, family, medical, and environmental 
! factors. Maternal intelligence, the home environment, and the children’s mental 
development (as evaluated with use of the McCarthy Scales of Children’s Abili¬ 
ties) were formally assessed. 

The mean blood lead concentration varied from 9.1 pg/dl in midpregnancy to a 
peak of 21.2 pg/dl at the age of 2 years. The blood lead concentration at each age, 
particularly at 2 and 3 years, and the integrated postnatal average concentration 
were inversely related to development at the age of 4. Results of multivariate 


Source: https://www justrydocuments.ucsf.edu/docs/ntbl0000 
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AGE AT TESTING (months) 

Fhg. 7. Prenatal exposure to lead, as measured by umbilical cord blood lead levels vs early mental 
development index. Low is <3 pg/dl, medium is 6.7 (ig/dl, and high is *10 (ig/dl (Bellinger et al. 
I5®7J. 


analysis are illustrated in Fig. 8. Within the range of exposure studied, no thresh¬ 
old dose for an effect of lead was evident. 

This cohort study indicates that a raised blood lead concentration in early 
childhood has an independent deleterious effect on mental development as eval¬ 
uated at the age of 4 years. This effect was not accounted for by the known and 
measurable influences of obstetrical, parental, family, and social environmental 
factors on mental development. The results of this analysis and those of an earlier 
analysis of the children at the age of 2 years suggest that increased exposure to 
lead results in a developmental deficit, not just developmental delay. 

Bhattacharya et al. (1988) found that abnormalities in children's abilities to 
maintain physical balance were significantly associated with PbB. Their postural 
sway on a balance increased by -2.8 cmVpg/dl. These data suggest that low levels 
of PbB affect the peripheral nervous system as well as the central nervous system. 
A sample of their results are illustrated in Fig. 9. 

Schwartz and Otto (1987) used the large database available from the Second 
National Health and Nutrition Examination Survey (NHANES II), conducted 
between 1976 and 1980 on population samples selected as being representative of 
the civilian, noninstitutionalized U.S. population. For a subsample of 4519 youths 
ages 4-19 years, there were data available on blood Pb, audiometry, and various 
indicators of neurological development, such as age at which a child first sat up, 
walked, and spoke. The presence of speech difficulties and hyperactivity was also 


S urce: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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0.5 1.0 1 JS 2.0 nmol/I 

10.3 20.6 30.9 41.2 pg/dl 

Blood Lead Concentration ptt)) 

Fio. I. McCarthy scales of children's abilin'es (MSCA) scores at the age of 4 vs Mood lead coo* 
centratkm at 3 years of age (McMichael el aL. 1988). 


examined to determine if they were significantly related to lead exposure. The 
probability of elevated hearing thresholds at 500, 1000, 2000, and 4000 Hz in¬ 
creased significantly (P < 0.000!) with increasing PbB (Fig. 10). PbB levels were 
also significantly related to delays in the age at which children first sat up (Fig. 
!!), walked, and spoke and to the probability that a child was hyperactive. Lead 
was not related to the probability of a child having a previously diagnosed speech 
impairment. 

Table 3 shows the variables considered in the stepwise multiple regressions, 
while Table 4 shows the levels of significance of the associations between blood 
lead and the developmental variables. The results of this large population study 
are dearly consistent with, and strongly supportive of, the validity of the asso¬ 
ciations between blood lead and neurobehavioral effects in the smaller popula¬ 
tions reviewed earlier. 

In another examination of NHANES II data, Schwartz et al. (1986) incorpo¬ 
rated medical history, physical examination, anthropometric measurements, di¬ 
etary information (24-hr recall and food frequency), laboratory tests, and radio¬ 
graphs in linear regressions of adjusted data from 2695 children ages 7 years and 
younger. They reported that 91% of the variance in height, 72% of the variance in 
weight, and 58% of the variance in chest circumference (Fig. 12) were explained 
by six variables: age, race, sex, blood lead level, total calories or protein, and 
hematocrit or transferrin saturation level. 

In summary, there are a number of well-designed studies which indicate that 
very low levels of exposure to lead affect neurobehavioral function and develop¬ 
ment in young children. These various effects appear to be consistent with the 


Source: https://www.industrydocuments.ucsf.edu/docs/ntbl0000 
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Fie. 9. National logarithm of postural sway of children at 6 yean of age vs natural log blood lead 
concentration during second year of life after controlling for blood lead during first year of life 
(Bhattacharya el al., 1988). 


effects of lead on heme biosynthesis which have been postulated to lead to eryth* 
ropoietic, neural, renal endocrine, and hepatic effects in the body, as summarized 
in Fig. 13 from the 1986 EPA criteria document. 

Effects of Lead in the Blood on Blood Pressure 

The 1986 EPA criteria document on lead also provided a critical review of 
studies showing associations between blood lead concentrations less than 40 p.g/dl 
and blood pressure. It reviewed the influence of a number of environmental and 
nutritional factors affecting blood pressure in experimental and epidemiological 
studies. Among environmental factors that have b«en associated with blood pres* 
sure® are lead (Pb) and noise. Among dietary factors associated with blood pres¬ 
sure are calcium (Ca), zinc (Zn), phosphorus (P), alcohol consumption, and vita¬ 
mins A and C. 

The role of Pb as a pollutant stressor for elevated blood pressure could well be 
confounded by the well-established role of Ca as a suppressor of blood pressure. 
It is possible that persons with high Ca consumption have both decreased blood 
pressure and reduced blood Pb due to the competition of both Pb and Ca for the 
same binding sites. The influence of the other cofactors known to affect blood 
pressure further complicates the task of establishing the extent to which Pb con¬ 
stitutes a significant risk factor for elevated blood pressure. 

A consistent pattern of results emerges from recent investigations of the rela¬ 
tions between lower-level lead exposures and increases in blood pressure or hy¬ 
pertension. Khera et al. (1980) reported higher blood lead levels in hypertensive 
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Fig. 10. Relationship of 2 kHz pure tone hearing threshold (right ear) and blood levels in 4519 
NHANESII subjects ages 4-19 years. Each point represents the mean hearing threshold of all persons 
in a 5 (igidl blood lead range, except for the tut point, which represents the mean hearing threshold 
and mean blood lead for all children with blood lead levels over 35 pg/dl (Schwartz and Otto, 1987). 


patients and those with other cardiovascular diseases than for hospital control 
subjects. Kromhout and Couland (1984) and Kromhout et al. (1985) reported 
associations between hypertension and blood lead among elderly men in the Neth¬ 
erlands. Batuman et al. (1983) reported an association between hypertension and 
chelatable lead burdens in veterans. Moreau et al. (1982) reported significant 
associations (P < 0.001) between blood lead levels and a continuous measure of 
blood pressure among French policemen after controlling for important potential 
confounding variables such as age, body mass index, smoking, and drinking. 
Weiss et al. (1986) reported that after correction for previous systolic blood pres¬ 
sure, body mass index, age, and smoking, a high level of blood lead was a sig¬ 
nificant predictor of subsequent elevation of systolic pressure in policemen in 
Boston. Sharp et al, (1988) examined relationships between blood lead concen¬ 
tration and blood pressure in San Francisco bus drivers. The analysis was limited 
to subjects not on treatment for hypertension (n » 288). The blood lead concen¬ 
tration varied from 2 to 15 jig/dl. While the findings were not statistically signif¬ 
icant, they did suggest effects of lead exposure at lower blood lead concentrations 
than those previously linked with increases in blood pressure. In a follow-up 
study. Sharp et al. (1989) examined the relationship between blood pressure and 
blood lead concentration in 51 bus drivers who were treated for hypertension. 
These drivers were a subset of a representative sample (/» = 342) of the driver 
population (n ?= — 2000 ) and were not selected for hypertension or lead exposure. 
Blood lead concentrations ranged from 2 to 24 pg/dl. There were 33 subjects 
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Fig. 11. Relationship of developmental milestone attainment and blood lead levels in NHANESII 
subjects. Plots of age at which a child first sat up (in months) vs PbB, after adjusting for other 
significant covariates. Each point represents the mean adjusted developmental index for 99 consecu¬ 
tive observations ordered by mean blood lead level. Regression lines were derived from individual data 
(Schwaiu and Otto, 1987). 


treated primarily with diuretics, and 18 subjects were treated with beta blockers. 
There was a significant mean difference of 12 mm Hg in diastolic BP over the 
range of observed Pb in blood (2.0 to 11.4 pig/dl) in subjects treated with beta 
blockers (see Fig. 14). Thus, beta blocker therapy may be less effective in reduc- 


TABLE3 

Vajuailes Used in Sterwise Regressions 


Race 

Lead 

Ear discharge 
Cold in last 2 weeks 
Other ear condition 
Chronic ear discharge 
Income 

Dietary calcium 


Race 
Lead 
Size 

Dietary protein 
Total iron binding capacity 
Serum iron 
Dietary calories 


A. Audiometric analyses 
Sex 

Current cold 
Ringing in eaits) 

Earache 

Previous running ear 
Diagnosed bearing impairment 
Degree of urbanization 
Head of household education level 
B. Developmental milestone analyses 
Sex 

Income 

Head of household education level 


Transferrin saturation 

Hemoglobin 

Weight 


Source: https://www.industrydocuments.ucsf.edu/docs/ntblOOOO 
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TABLE 4 

Results of Developmental Milestone Analyses 


Effect 

Coefficient 

P value 

A. Age (in years) at first word 

Intercept 

1.23 


Sex 

-0.087 

0.0277 

Lead rank 

0.0024 

0.0094 

B. Age (in months) when first walked 

Intercept 

10.88 


Race 

-0.655 

0.0006 

Lead rank 

0.0070 

0.0020 

C. Age (in months) when first sat up 

Intercept 

5.68 


Protein intake 

—0.0039 

0.0361 

Lead rank 

0.0061 

0.0239 

D. Probability of being hyperactive (logistic regression) 

Intercept 

-4.505 

— 

Lead rank 

o.oue 

0.0150 


ing diastolic pressure in individuals with elevated PbB, even at PbB levels asso¬ 
ciated with exposures below the current ambient standard and far below the 
current occupational standard. 

In a large population study, Pocock et at. (1984) evaluated the relationships 
between blood lead concentrations, hypertension, and renal function indicators in 
a clinical survey of 7735 middle-aged men from 24 British towns. The association 



Fig. 12. Adjusted chest circumference and idjusted blood lead levels for children ages 7 years and 
younger in NHANES 11. Both chest circumference and blood lead level have been adjusted by 
regression for effects of age, sex, and all other variables significant at 0.05 level. Each point is mean 
chest circumference and mean blood lead level for approximately 95 consecutive observations, or¬ 
dered by blood lead levels. Regression line reflects slope of coefficient obtained from multiple regres¬ 
sion analyses of all 2671 points with no missing data (Schwartz et aL, 1986). 
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Fig. 13, Mulliorgan impact of reductions of heme body pool by lead. Impairment of heme synthesis 
by lead results in disruption of a wide variety of important physiological processes in many organs and 
tissues. Particularly well documented are erythropoietic, neural, renal-endocrine, and hepatic effects 
indicated above by solid arrows. Plausible further consequences of heme synthesis interference by 
lead are indicated by dashed arrows (EPA, 1986). 
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ADJUSTED Pb-B,pg/(JL (log teak) 

Fie. 14. Plot of adjusted diastolic blood pressure vs adjusted natural log of blood lead concentration 
in male bus drivers treated for hypertension with beta blockers. Adjusted for age, age 2 , race, body 
mass index, and frequencies of caffeine, alcohol, and tobacco use. Diastolic blood pressure is the 
average of three measured diastolic blood pressures on each subject (Sharp et c/.. 19S9). 


between systolic blood pressure and blood lead levels, though small in magnitude, 
was statistically significant (P < 0.01). Analyses of data for men categorized 
according to blood level concentrations indicated increases in blood pressure only 
at lower blood lead levels; no further significant increments in blood pressure 
were observed at higher blood lead levels. 



Fig. 15. Adjusted diastolic blood pressure and adjusted blood lead levels for males ages 20 to 74 
from NHANES II. Both blood pressure and blood lead were adjusted by regression for the effects of 
age, age 1 , body mass, and other significant variables. Each point represents the mean blood pressure 
and mean blood lead for 50 consecutive observations, sorted in increasing order of blood lead 
(Schwartz, 1988). 
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Fic. 16. Adjusted systolic blood pressure end adjusted blood lead levels from males ages 20 to 74 
from NHANESII. Both blood pressure and blood lead have been adjusted by regression for the effects 
of age, age 1 , body mass, and other significant variables. Each point represents the mean blood pres* 
sure and mean blood lead for 24 consecutive observations, sorted in increasing order of blood lead 
(Schwartz, 1988). 


An idea] opportunity to separate the role of Pb from a wide range of potentially 
confounding nutritional factors was presented by the large data set from 
NHANES II, a random stratified sample of the U.S. population. Pirkle el al. 
(1985) described the results of their analyses of the data for 40* to 59-year-old 
white males from this survey population. After adjustment for age, body mass 
index, all measured nutritional factors, and blood biochemistry factors in a mul¬ 
tiple linear regression model, the relationships of both systolic and diastolic blood 
pressures to blood Pb was statistically significant (P < 0.0!). Figures 15 and 16 
show the results of NHANES II analyses for adults ages 20-74 years from a 
review paper by Schwartz (1988). 

The Pirkle el al. (1985) analyses incorporated additional variables with partic¬ 
ular attention directed at the stability and significance of the Pb coefficient in the 
presence of nutritional factors and blood biochemistries. Their objective was to 
estimate conservatively the strength and independence of the relationship be¬ 
tween blood pressure and blood Pb. Therefore, to provide an unusually rigorous 
test of the independent significance of blood Pb, 87 nutritional and biochemical 
Variables in NHANES II were included in the stepwise regression. In addition, to 
account for possible curvilinear relationships, squared and natural logarithmic 
transformation of almost all these variables were also included. 

The population mean blood Pb levels dropped by 37% between 1976 and 1980, 
due to reductions in the amount of Pb used in gasoline (Fig. 7). This much reduc¬ 
tion in blood Pb in this population would be expected to result in a 17.5% decrease 
in diastolic blood pressure 2=90 mm Hg, a level used to define hypertension. 

Considering the relatively unusual nature of the blood-Pb/blood-pressure rela¬ 
tion (i.c., characterized by large initial increments in blood pressure at relatively 
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low blood Pb levels, followed by leveling off of blood pressure increments at high 
blood Pb levels), it is not surprising that it was not anticipated by results of studies 
in animals. Many animal studies emphasize results from exposures at higher dose 
levels, where results tend to be more definitive. The human results were, how¬ 
ever, consistent with biphasic blood pressure increases observed in response to 
small PbB increases in the rat (Victery et at, 1982a, b; Perry et al., 1988) when 
rats were treated with low dose of lead. The unusual exposure-response relation 
may also account for the failure of earlier human studies to find consistent rela¬ 
tions between blood pressure and blood Pb in study groups with mild-to-moderate 
elevations of blood Pb concentrations. 

In summary, the use of a very large set of high-quality data covering a wide 
range of possibly confounding variables allowed a clean-cut determination of the 
effects of blood Pb on blood pressure for a relatively low range of blood Pb 
concentrations (5-35 pg/dl). This association between relatively small elevations 
of PbB and elevated blood pressure may have significant public health impact 
because hypertension is a recognized risk factor for cardiovascular disease. 

CONCLUSIONS 

In 1943 Alice Hamilton looked back on her 33 years of experience with lead as 
an occupational toxicant and reminded us that there were many subclinical “man¬ 
ifestations of this protean malady.” At that time, she remained concerned about 
subclinical effects in industrial workers. She could not have known that ourfaQure 
to heed her doubts, expressed in E925, that any effective measures could be 
implemented to protect the general public from the hazards of widespread use of 
leaded gasoline would lead, in this decade of the 1980s, to our current concerns 
about fairly well-documented neurobehavioral and developmental deficits in chil¬ 
dren throughout the country, or to our concerns for lead as a cardiovascular stress 
factor for adults. 

Our most sophisticated tools for investigation, and our increased knowledge of 
exposure-response relationships for lead, would certainly impress Alice Hamilton 
if she could be with us again. However, in this era of emphasis on biological 
mechanisms of xenobiotic response, it is remarkable how little we now know 
about how chronic low-level lead exposure leads to such a remarkable array of 
toxic responses. Dr. Hamilton, trained in pathology, would surely be disappointed 
with our progress. On the other hand, Dr. Hamilton, our first full-time U.S. 
hygienist and occupational health physician, would, I think, be pleased with our 
recent progress in controlling the spread of lead and the consequent reduction in 
general population exposure. The virtual removal of lead from gasoline and 
canned foods, and the current attempts to reduce lead in drinking water show that 
we have learned some of the important lessons she tried to teach us. 
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Risk analysis in its most general form is commonsense com¬ 
bined with arithmetic. The errors are errors of commonsense. 

Rarely do we find errors of arithmetic, only failures to do the 
arithmetic. The fact that traps and errors exist should not, in 
my view, lead us to abandon risk analysis, but on the contrary, 
emphasizes±he need for good risk analyses. 

The first, and most often discussed error, is the demand for 
zero risk which appears in various forms. But while it is the new 
wisdom to regard the zero risk advocates as rabble rousers, or at 
best middle headed idealists, I want to emphasize that there has in 
the past been a role for an attempt to reduce the risk to zero. 

This was the case when the major risk of premature death was that 
of communicable disease. 

This is brought out most clearly in a paper by Sir Richard 
Doll., -1 ' Doll showed that by most simple measures, health is 
better now than it was 100 years ago and is improving. This is 
becaus>e there has been a steady reduction in disease. I can also 

"4)011, Sir : Richard, "The pattern of disease in the post-infection 
era: national trends," Proc. R. Soc. Lond. B205, 47-61, 1979. 
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illustrate this by a plot of death rates versus time (Figure 1). 

The death rates are decreasing in all age groups except the one 
(15-24) where teenagers kill themselves with automobiles. 

We can also go back over a longer period and look at life 
expectancy. In the year 800 A.D. life expectancy was about 28. It 
increased to 45 one hundred and fifty years ago, and is now 72 
years for men and 76 for women (I personally am jealous of the 
women). The number of people surviving to a given age falls fairly 
slowly (Figure 2, but falls off sharply at age 70; an interesting 
age, because according to the nineteenth psalm, "the days of our 
years are 'three score years and ten" and nowadays compulsory retire¬ 
ment in the U.S. Does not begin until then. Death before age 70 can , 
be considered premature and formerly premature death was mostly from disease 

Diseases were removed as causes of death, not by medical advances, 
but by technical and scientific ones. An Oxford historian has pointed 
out the influence of the drainpipe (for main drainage) in the European 
history of the early 19th century. Chlorination of drinking water 


also played a major role. We must not, therefore, turn our backs 
on technology, but use it wisely. But there is an important corol¬ 
lary; the expense of reducing disease was moderate. 

In each case there were a large number of dead bodies obviously 


attributable to a disease; and once the cause was recoanized, a 

fw 

massive and rapid technological effort was made to remove the hazar^- 

Cfl 

completely. This led to a general view that once a risk of disease^ 
is recognized it is possible to complete eleminate it—and it shoul^ 
be completely eliminated. This, then, is a justification for the 
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zero risk approach. 

The reason that the zero risk advocates are wrong is that the 
situation has changed dramatically. We have almost removed communi¬ 
cable disease in the Western world as a cause of death. 

The second important error in a discussion of risks is a fail¬ 
ure to recognize the changed nature of the risks which terminate 
our lives. The earlier risks can be called historical ; the risk 
could often be calculated from historical data, and once the idea 
was suggested, the proof of causality was straightforward. There 
are some people, and for politeness I will not refer directly to 
them, who have called for only regulating on these risks; for re¬ 
gulating only known measureable effects on health. If taken literally, 
this would prevent our controlling a large number of risks which are 
well worth reducing. We must recognize that risk is an expression 
of uncertainty. The uncertainty can arise in two ways; we can for 
example believe that cars kill people who cross the road, yet be 
uncertain 'that an individual is killed; or we can be unsure whether 
a new technology will ever kill anyone or not. The new risks of 
society are for new technology, about which we must speculate. It 
is improper to say "we do not know if there is a risk of air pollu¬ 
tion at present levels." If we do not know—there is a risk, but 
the magnitude of the risk may be uncertain. 

These two errors are at the root of our present discussion 
about the Clean Air Acts. On the one hand some people still want 
zero risk, forgetting that air pollution is not a communicable 
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disease and zero risk makes no sense, and on the other hand others 
are unwilling to regulate until dead bodies can be counted and 
reliably attributed to the source. 

No risk analysis is perfect. In those I have reviewed, and 
Crouch and I discuss a number in our book on Risk/Benefit Analysis , 
the most important is omission of an important risk. It is foolish 
to compare risks of nuclear power and coal without mentioning 
the risk that either may contribute to war; the one perhaps by 
making nuclear fuel more easily available, the other by making 
energy more costly. We must insist on putting numbers on each and 
every risk we can, but there are some risks that cannot be easily 
expressed in numerical terms. If the numerically expressed risks 
are properly discussed, these other risks will be highlighted; all 
too often they are ignored. For example, a 400 page report on LNG 
safety ignores questions of sabotage. Instead of saying so in 
the abstract, introduction and summary, the sentence is hidden in 
the middle. Yet for LNG and LPG facilities it is my considered 
view that the siting should be governed by the possibility of 

3 

sabotage. 

Samuel Johnson once wrote that "Round numbers are always 
false' 1 and a risk analysis without a discussion of uncertainty 
can be false. As I noted before, it is in the region of uncertain 
risks—-risks of a consequence which we are not even sure exists— 

2 ‘ 

E.A.C. Crpuch and Richard Wilson, Risk/Benefit Analysis, Ballinger 
Press, Cambridge, MA, 1982. 

^Richard Wilson, Testimony to Energy Facilities Siting Council, 
Massachusetts (1979) . 
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that a risk analysis is the most important. In this case, however, 
it is vital to state the assumptions—early and often, as it used 
to be said about instructions to Cook County voters. But it must 
not be thought that an uncertain number is useless. Dr. Samuel 
Epstein and Samuel C. Florman in two separate articles in the 
Technology Review^' ^ argue that the estimates of risk of exposure 
to vinyl chloride at low doses vary by a factor of 100,000, and are 
therefore useless. They are wrong on both counts. Estimates vary 
by an infinite factor; some scientists argue that the risk is 
finites, others that it is zero. Any finite number divided by zero 
gives infinity (not 100,000). 

Yet risk analysis can be useful; as of 1981, 82 cases of liver 
angiosarcom!a had been attributed to occupational exposure of vinyl 
chloride world wide . These were due to past high exposures over a 
20 year period. Liver angiosarcoma is a rare cancer, and few 
attributable cases would have been missed. Allowing for some 
cancers still in the latency period, cancers at other sites in the 
body, and cancers from exposures in the general environment, I find 
a maximum of 1000 over 20 years from past exposures. Exposures have 
now been reduced 1000 fold, and most scientists would agree that the 
number of cases will fall at least linearly to 1 every 20 years 
worldwide, and I believe no liver angiosarcoma has been attributed 
to exposures in the last 5 years. 

^Samuel Epstein, "Cancer inflation and the failure to regulate," 
Technology Review, Dec./Jan., 1980. 

5 

Samuel C. Florham, "Living with technology: tradeoffs in paradise," 
Technology Review, Aug./Sept., 1981. 
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A number of people argue that natural foods are better and 
our problems of cancer and so on arise from artificial chemicals. 

It is conventional wisdom to ridicule this. This ridicule is 
illustrated in a New Yorker cartoon (Figure 3) showing that natural 
ingredients were used for witches' brews as well as for honest 
men's sustinence. Indeed, I like to point out to our local health 
food store that peanuts dried in the sun dry more slowly than those 
dried artificially and develop more molds and therefore have higher 
concentrations of aflatoxin Bl. But it would be an error to ridi¬ 
cule the "health food nuts" without trying to see if there is a 
legitimate point in their favor. There is. 

V?e have historical data on natural foods, and believe a major 
disaster is unlikely, whereas if a new chemical (such as thalido¬ 
mide) is put on the market, thousands of people may be hurt before 
we know what the danger is because of a latent period. 

But this is no excuse for turning our back on technology. 
Natural phenomena may wipe out the human race, and got close to 
doing so in the black death. That particular risk is probably 
now eliminated by technology. 

It is important to understand a proper flow of information 
in resiching decisions about risk. Risk analysis is an aid to 
a decision and should not be a decision in itself. It is a 
grevious error to confuse the risk analysis with the decision 
itself. 
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-- illustrate the flow of a discussion of risks in Figure 4. 

The information flows from the scientist to the assessor; to a 
competrison with costs and benefits to a decision maker (evaluator) 
who may be a bureaucrat, a politician or an ordinary citizen. All 
interested parties, unions, public, churches, industry, fishermen, 
etc. must be identified and these will have their own value judg¬ 
ments:. Value judgments enter into the decision, but should not in¬ 
fluence the assessment and comparison. Of course the assessor has 
to know the questions for decision, and some idea of the alterna¬ 
tives that are open to the decision maker in order to write down 
his assessment in such a way that the decision is properly illumi¬ 
nated. For this reason I put a dotted line between questions for 
decision and assessment. 

The risk assessment is most useful when it is kept distinct 
in this way. The Carcinogen Assessment Group of EPA has been 
steadily improving in this regard; they usually quote the upper 
95th parcentile of the risk, but state also that it might be zero. 
They nowadays avoid directly supporting a decision. 

I make here an analogy with the Anglo-Saxon legal system. The 
judge decides on questions of law; the jury—the assessors—decide 
questions of fact. The judge instructs the jury before they assess 
the facts as to what is legally relevant. 

However the separation is sometimes deliberately broken as a 
historical example shows. In Cromwell's time, a law was passed 
making it illegal to kiss in public. Perhaps the law was sensible. 
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but tliere was a draconian penalty——death. However all juries 
violated the rules, and no jury would convict anyone accused of 
the crime. 

Similarly if a group of assessors are asked an inappropriate 
question, or suspect that their answer may lead to stupid dracon¬ 
ian measures, they may well decide not to state the true opinion. 
Thus if the question is merely "is this chemical a carcinogen" 
with no question of potency, I believe it is now inappropriate. 

If it is coupled with a draconian action of a complete unquestioning 
ban if the answer is yes, many scientists will refuse to play the 
game „ 

We can enter this diagram at any point? but usually it will 

be the decision maker who asks for an assessment. We must also be 
aware that if well done, a risk assessment may illuminate several 
different decisions. For example, the risk assessment for benzene 
may apply either in the workplace, or for the environment. 

Errors often arise from not realizing that there are dif¬ 
ferent constituencies in risk decisions and each constituency 
must be satisfied. It is an error to calculate the average risk 
to society, show that it is small and ignore it in spite of the 
large risk to an individual segment. I illustrate this by cal¬ 
culating the risk of being killed by a bear in Glacial National 
Park,, According to the figures available to me, and as a risk 
assessor I accept this data, 2 people were killed in 1967; 1 
person in 1975? and 3 people in 1980. That amounts to 6 people 
over about 15 years, or 0.4 per year. The Park Service informs 
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me that the total number of park visitors is 1,500,000/yr; about 
18,000 backpack campers/yr (25,000 permit nights) ; and about 1000 em¬ 
ployees of park concessions. Of the 6 people killed, all were backpackers, 
and 4 were concession employees.* 

The risk averaged over the whole U.S. population is: 

TS x 22 0 ,05 0 ,000 = 2 x 10 ~ 9 per year * 

I do not expect the President of the U.S. to lose sleep over it. 

It is a de minimis risk. 

The risk averaged over park visitors is: 

TS x i ~ ,50M6{i * 3 x 10 ‘ 7 ? er y earj 

still de minimis by my criterion, but on the border of worth 

bothering about and indeed the park service have done little. 

The risk as a fraction of backpack campers is: 

T5 x 18 7 000 = 2 x 10 ~ 5 per year * 

This is a voluntary risk worth reducing, but probably acceptable and 
indeed, my wife and I accepted it a few summers ago (but we did take 
care; put bells on our packs and hung the food on poles). 

The risk as a fraction of park concession employees is 
15 x 17500 = 3 x 10 ~ 4 per year * 

This is now large, as large as the risk of driving a car to get 
to Glacier Park in the first place, and probably worth addressing 
by the representatives of this smaller group. 

But this analysis leads, if we are not careful, to another 
trap. Why do you include in the denominator those who are not 

* 

This is based on oral statements only. 
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exposed? Because we may know no better. But we should go on 
reducing the size of the denominator until one reaches a logical 
trap. We should include in the denominator all those "at risk" 
and not only those who were killed.c We get 6/6 or a risk of unity 

l 

when we identify the group at risk as the group actually sleeping 
in the path of the bears and subsequently mauled. The denominator 
must be chosen so that the risk calculation has predictive power. 

To restrict the denominator too much takes away that power. 

Bross, of the Rosswell Memorial Hospital in Buffalo, fell into 
this trap when discussing leukemia incidence. He restricted the 
group at risk to those who already had health problems which are 
precursers of leukemia. As shown by Bond his calculations have 
no predictive power. 

Another error is to assume that a risk benefit analysis should 
be constant for all time. This omits the possibility of techno¬ 
logy Improvement . It is clear that the public wants risk to be 
reduced, and will not stand for additional risks being introduced 
to society—unless there is an obvious compensating risk reduction . 

Therefore we must constantly search for ways of improving 
technology. I illustrate this by two examples. 

From the earliest days it was known that x-rays cause skin 
cancer and in the i920's it was found that radiation causes leu¬ 
kemia and in the 1930's and 1940's it was found that radiation causes 
a host of other cancers too. 

6 V. Bond, BNL report. 
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In the 1920's physicians pointed out the huge benefits of 
rapid diagnosis by use of x-rays, and said that the benefits out- 
weight any conceivable risk due to the x-rays. Of course they 
were right by a reasonable standard. This risk benefit compari¬ 
son was particularly simple because the items were measured in 
the same units. X-rays save lives and these can be compared 
directly with lives at risk from the radiation induced cancer. 

But the overall comparison of risk and benefit and the 
assurance that benefit exceeds risk is only the first question 
in a risk benefit approach. In the 1920's it was pointed out 
that the same benefit of rapid diagnosis by use of x-rays can 
be achieved with less risk: more sensitive x-ray film; image 
intensifiers; shielding against stray x—rays; and indeed it was 
not very expensive to do so. But these risks have only slowly 
been reduced, from many rads per x-ray in 1920 to 1 rad in 1950 
to 5 millirads today. Why was the reduction slow? 

Rachel Carson, in her much misquoted book. Silent Spring ,^ 
agreed that pesticides were important and that the benefits of 
their use outweigh the risks. Again, if we think carefully, we 
can put at least some of the benefits in the same units as the 
risks; fewer pests means more food; more food means better nutri¬ 
tion; better nutrition reduces health risks. But Rachel Carson 
insisted it should be possible to have the same benefits with less 
risk by more careful use. 

How do we ensure that we constantly address this question? 
7 Carson, R., Silent Spring , Houghton Mifflin, Boston, 1962. 
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I believe that we must have a continuing decision process. The 
procedure in each of the above examples was to show that benefit 
> risk and the decision therefore was that the action should pro¬ 
ceed. But in all cases of new technologies it seems appropriate 
to look further and ask whether we can reduce the risk with a 
modest cost. 

In setting the air quality standards for moving sources (auto¬ 
mobiles) , Congress demanded a technology forcing approach. The 
standards were set progressively lower in the future and it was 
up to the automobile industry to find the technology to meet them. 
The industry screamed, but a Committee of the National Academy of 
Sciences chaired by Dr. Edward Ginzton of Varian Associates agreed 
that it was technically possible to meet this standard, and they 
are being met. 

Is this technology forcing procedure the best way for techno¬ 
logy improvement? Congress, after this success, thinks So. If we 
feel otherwise we must find a better way. I throw on the table 
for consideration the following idea. When any new product or 
process is accepted, there must be a fraction (1 to 10%) of the 
profits spent on a study of the alternatives to the actual action; 
other pesticides; less use (including how to restrain overzealous 
salesmen); better x-ray machines—and less x-rays, including how 
to prevent■x-rays being taken merely to protect against liability 
in a negligence suit. This money could be paid by industry to 
NAS or a foundation to do this study. 
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I now bring to your attention four separate court and regu¬ 
latory actions that recognize the importance of risk assessment and 
its more general extension, risk analysis. 

g 

1. The Court of Appeals, in the case where FDA questioned 
the safety of Monsanto's plastic bottles made with an acrylonitrile 
polymer, stated that the administrator of FDA can ignore de minimis 
risks, notwithstanding the superficial rigidity of the Delaney Clause. 

Q 

2. The U.S. Supreme Court decided in the benzene case that 
the Secretary of Labor for OSHA had to find (technical/legal term) 
that there is a significant health risk before proceeding and by 
quoting the one and only risk assessment before the court implied 
approval of risk assessment as a procedure for deciding whether a 
risk is insignificant or.not. Chief Justice Burger stated that 
"inherent in this statutory scheme is the authority to refrain from 
regulation of insignificant or de minimis risks." 

Although the Court quoted my testimony in this case, they 
failed to quote my successful effort at risk reduction. At the 
public hearing, the administrative law judge, and half the audi¬ 
ence, were smoking and the room was filled with haze. I objected 
to being exposed to such dangerous carcinogens in the workplace. 

Now the hearing room is covered with numerous, large "No Smoking" 
signs. 


^Monsanto, et al., v. Kennedy, FDAO, 613 F 2nd 947 (DC Circuit)), 
1979. 

Q . 

American Petroleum Institute v. OSHA, et al., 581 F 2nd (DC Cir¬ 
cuit), 1978; 100 S. Ct. 2844 (1980). 
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3. Now we have a consent order 10 between FDA and several 
cosmetic manufacturers. In this "FDA agrees to propose the utili¬ 
zation of scientifically accepted procedures of risk assessment and 
to raise the issue as to whether, in the view of the procedures, 
hair dyes containing 4-MMPD present a generally recognized risk to 
human health." 

4. The FDA made a similar decision in deciding that the risk 
of lead acetate hair dyes (the Grecian formula) is insignificant. 

As I look at a 5th case, the cotton dust case, it appears to 
be different. It has been argued that the Supreme Court decision 
is a repudiation of risk analysis. But we must note that "exposure 
to cotton dust represents a significant health hazard to employees." 11 
The health hazard at current levels, acute byssinosis although re¬ 
versible, is directly observable, unlike the effects of benzene at 
low doses which is merely inferred by extrapolation. I calculate 
with si very rough first guess using the numbers in reference 11 that 
the cotton dust standard proposed by OSHA saves cases of byssinosis 
(brown lung disease) and hence premature death at a cost of between 
$50,000 and $500,000 per case—less than the $1 million per case 
often spent to reduce occupational disease, and $10,000,000 to re¬ 
duce occupational death and much' less than the $240,000,000 per cal¬ 
culated case I found in my calculations in the benzene case. Of 
course, we would like to understand the connection (if any) between 

10 Carson Products, et al., v. DHHS, et al., Civil Action No. CV 
480-71, U.S. District Court for the Southern District of Georgia, 

Sept. 1980. 

11 101 Supreme Court Reporter, p. 2478, American Textile Manufacturers 
v. Donovan and National Cotton Council of America v. Donovan, 43 Fed. 
Reg., 27350, col. 1. 
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acute byssinosis and life shortening effects. Data on this is 
scarce and represents a challenge for risk analysts. 

My cheerful tentative conclusion is that the Supreme Court be- 
havcid with commonsense in both decisions. If OSHA had perfomed a 
reasonable risk-benefit analysis it is not obvious that they would 
not have reached the same decision, or decided to lower the standard 
for cotton dust even lower than 200 pg/m^ until they matched $1,000,000 
to $1.0,000,000 per life—unless of course they found other, more 
serious secondary effects on the economy. 

The point here is that, as far as I can tell, there was no 
widely accepted risk analysis presented in this case; and OSHA's 
decision to take prompt action to tighten the standard is then not 
unreasonable. 

I now come to several errors that arise from inadequate com- 

12 

parisons of risks. For cancer risk calculations, Crouch and I 
have been emphasizing the importance of including uncertainties in a 
risk calculation. I illustrate this by going over an argument I 
had with EPA's director of water quality standards at the Toxico¬ 
logy Forum in February 1981. I objected to his setting of a stand¬ 
ard of 100 ppb for all halomethanes; drinking 2 1/2 liters of water 

containing chloroform every day for life can be shown to give a 
—5 —4 

risk of 4 x 10 per year or 3 x 10 per life. This is based 
on several; assumtions; that the dose response relationship is 
linear; that men in their lifetimes have as great a risk oif cancer 
as animals in their lifetimes, when exposed daily to the pollutant 

T2 

Edmund A.C. Crouch and Richard Wilson, "Interspecies Comparison 
of Carcinogenic Potency," Journal of Toxic, and Environ. Health, 

1979. Edmund A.C. Crouch and Richard Wilson, Journal of Risk 
Analysis, 1., 1 (1981) . 
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with 1:he same fraction of body weight. 

EPA have the same standard for all halomethanes. Yet bromo- 

methanes are more toxic and more mutagenic; by skin painting tests 

more carcinogenic. The exact amount is uncertain, but it is hard 

to see how the risk could fail to be greater at equivalent exposures, 

13 

and therefore the standard should be lower. Similarly, tribhlo- 

rethelene and perchlorethelene are less toxic, and less carcinogenic 

(if carcinogenic at all) and the allowable exposure might reasonably 

be greater—or at least it should be explained why it is not. 

We can reintroduce the zero risk error in a new form if we 

demand too low a risk, and demand too conservative a way of cal- 

dilating it. FDA has proposed in a discussion of accidental food 

additives such as DES, that risks less than 10 ® per lifetime (1.4 x 
_8 

10 per year) be ignored as de minimis and by implication other 
risks should be regulated. This is a very low number. Moreover 
there are very conservative rules proposed for calculation. By 

simples extension of these rules, I would find that many munici- 

. • -4 

pal drinking water systems in the U.S. have risks of 10 per year. 

It is clear that the FDA rule cannot be applied to all situations, 

and it therefore needs more discussion to show just where it should 

be applied (if at all). At the present time, most agencies are 

inconsistent without saying so. 

In the next two figures I show how this comes about. The risk, 
according to our approach, has 4 factors: 

14 
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R = 8 d K E 

3 is the carcinogenic potency defined as the slope of the 
relation connecting tumor incidence and dose; 

d is the dose (or exposure); 

K is an interspecies conversion factor. We take a probability 
distribution for this, centered around unity when animal and human 
risks are compared for equal lifetimes and doses are compared as a 
fraction of body weight. 

E is an extrapolation factor; to relate the risk at high doses 
(measured in animals) to that at low doses. E = 1 in the present 
conventional wisdom, but if we believe in a threshold we can put 
E = 0. 

In Figure 5 I show a calculation of 3 (in animals) from data, 
and the spread of the probability distribution P(3) around the 
best value 3 is given by statistics. The solid line is when the 
chemical is identified as a carcinogen, the dotted line when it is 
not because 3 is not 3 standard deviations from zero. CAG take the 
95th percentile point as shown for the solid line, but take 0 for 
the dotted line. We believe this is inconsistent. It leads to 
regulatory hiatus, improper signals to industry, and improper com¬ 
parison of risks. 

We see this by noticing that the data for saccharin looked like 
the dotted line before 1977 and that for formaldehyde before 1981. 
Neither chemical was regulated. Suddenly, on April 15, 1977, the 
FDA declared saccharin that is a carcinogen when new data became 
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available, and when in 1981 unpublished data from an NYU study 
became available, formaldehyde became a carcinogen and strongly 
regulated. 

In each case there were prior indications of probable car¬ 
cinogenicity. The regulatory hiatus would have been avoided if both 
chemicals had been regulated on the basis of the 95th percentile 
of the* risk even before the experiments became sensitive enough 
to have statistical significance. Moreover, under the present CAG 
procedures, it is to industry's benefit not to perform a sensitive 
experiment^ and change a chemical's status from no regulation to 
stringent regulation. Under our suggestion, the chemicals would be 
regulated in both cases, and shrinking the statistical error might 
actually reduce the impact of the regulations. 

For K, we take a broad probability distribution P(K), as dis¬ 
cussed in reference 12. CAG take a fixed number for K, with no 
uncertainty, but since they compare animal to man on a surface 
area, rather than a weight basis, their number is close to the 95th 
percentile of our distribution as shown in the Figure. 

The probability distribution for d presents no problems. 

The combined distributions for the risk P(R) is presented in 
Figure 6; the top curve is drawn to a linear scale, the bottom 
curve to a logarithmic scale. 

Now I distinguish between an accurate assessment, to calculate 
R or perhaps the average risk R, and a prudent assessment. A 
federal agency, such as EPA, has an obligation to protect the public, 
and will choose the upper 95th or 98th percentile of the distribu¬ 
tion. This is proper. But in comparing risks, such as replacing 
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one pesticide by another, it would be improper to compare dif¬ 
ferent moments of the risk distribution. If the 95th percentile 
is appropriate it should be calculated in both cases, including 
the case when the best value R or the mean value might be zero, or 
less. I hope we can get this point accepted some time. If 
and when it is, a corollary I predict is that it will be found 
impossible to consistently regulate risks below 10 - ^ per year (7 x 
10~ 5 /life). 

A much harder point is to realize that there is a risk, which 
should be calculated, even when a medical effect is not found (I 
noted this already in my discussion of error 2). Logically this 
is similar to the case when a chemical is not found to be carcino¬ 
genic. I note that a chemical cannot be found to be non-carcinogenic; 
only that its carcinogenic potency be less than a specified amount. 
Many papers by distinguised authors are logically imprecise here, 
and are therefore confusing. Formally we can express this by 
saying that R may be 0, and R may be 0 or even negative, but 

R 95th percentile is in such cases finite and often large. 

I conclude by pointing out that as when we look at examples 
of the errors and traps that we can fall into when, doing a risk 
analysis, we can avoid falling into them; moreover, in each example 
it becomes clear what a reasonable decision might be; whether to 
act or not to act; and if to act, who must reduce and control the 
risk. 

In our bear example, it was not the president of the U.S.; the 
Park Service can provide information; but it is individuals who 
must act and probably the park concession operators must educate 
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their staff. 

The proof of the pudding is in the eating. If risk analysis 
can help society in making decisions about risk—and in particular 
in reducing risk at reasonable cost--then risks analysis is worth¬ 
while. Otherwise it will be a useless intellectual exercise. 
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INTRODUCTION 

Life is a risky process. It ends with one of the risks evolving 
into a death-dealing hazard from which there is no escape. Some 
risks are voluntary, such as riding in an automobile, flying in an 
airplane or smoking a cigarette. Other risks are essentially 
involuntary, such as the risk of lung cancer from air pollution, 
breast cancer as a result of our genetic heritage, or the chance 
that we may be struck by a meteorite. Most risks have a probability 
much less than unity of materializing into an adverse health 
effect. One exception is the risk of death; only the cause and the 
time of death is uncertain. There is absolutely no uncertainty of 
whether the event eventually will occur. 

Studies of the probability of disability and death from each of 
the many risks we are exposed to daily have matured collectively 
into the scientific discipline of Risk Analysis. One might assume 
that such information would influence our lifestyles. Persons using 
tobacco would quit, because the risk of lung cancer from this 
noxious weed is well understood both qualitatively and 
quantitatively. We all would be careful about driving and working 
around the house, because the two most likely places of serious 
accidents are streets and the home. We would eat thoughtfully and 
exercise regularly, and we would choose our occupation and 
recreation with safety in mind. One might assume that these 
decisions, and others like them, would be integrated into selections 
of options for healthy lifestyles. One might make that 
assumption—but for most persons, the assumption would simply be 
incorrect. 

We often assume that providing information about health risks 
will cause people to change their behavior so that their risks are 
reduced. This assumption is fundamentally flawed. The flaw is that 
the relationships are very tenuous between information and 
education, education and behavior change, and behavior change and 
risk reduction. The "Health Education Paradigm" that proposes that 
information leads to risk reduction is suspect at best. At its 
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worst, it can pre-empt other, more successful approaches to helping 
people reduce risks. The real challenge of risk analysis and 
communication is to recognize that the processes of risk perception 
and reduction are far more complex than simply assimilating health 
risk data and making appropriate behavior changes as a direct 
consequence. 

The complexity of risk perception often is underestimated by 
persons who try to convey information about health risks. Often 
these persons assume that simply providing "the facts" will lead to 
more intelligent decisions about health risks and their reduction. 
The success of these efforts usually is frustratingly 
disappointing. To influence decisions about health risks, one must 
deal with the perception, as well as the reality, of risks. To most 
of us, in fact, the perception of risks is more "real" than the 
reality of risks—often in spite of direct evidence to the 
contrary. The adage "People's perceptions of risks are often 
inaccurate" is a reductio ad absurdium . People’s perceptions may be 
out of tpuch with reality as interpreted by others. But perceptions 
are a direct reflection of the way people think about health risks. 
These perceptions must be accepted as real and addressed as 
significant if attitudes and behaviors are to be changed and health 
risks reduced. 


THE CHARACTER OF HEALTH RISKS 

Individuals change and grow by taking risks. The same is true 
of societies. Neither individuals nor societies can thrive without 
taking risks. Risk aversion limits the potential of individuals and 
societies for growth and creativity. The issue is not how to avoid 
risks. It is instead how to choose among risks so that foolish ones 
are avoided and those that yield benefits worth seeking are selected 
consciously and intelligently. Occasionally risks can be reduced or 
eliminated through knowledge and appropriate action. Examples 
include control of infectious diseases through improved sanitation, 
reduced occupational hazards by design of safer work environments, 
improved vehicular safety by use of passenger restraints and 
decreased use of tobacco in many developed countries. However, no 
activity is completely free of risks. Even inactivity has risks, as 
evidenced by the emphasis on exercise as a preventive health measure. 

THE PERCEPTION OF RISKS 

The perception of risk is usually a rather irrational process. 

The presentation of purely objective information (ie, "the facts") 
is usually not an effective deterrent to irrational thinking or 
behavior. An approach from the premise that "If you only understood 
the facts., you would think like I do” is almost sure to fail. It 
is, in fact, usually viewed as arrogant and elitist. A more 
effective approach is to start from the way risks are perceived, and 
to work gently toward a more objective appraisal of reality, dealing 
with the perception of risks at each step. 1-4 There is no such 
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thing as "a misperception of risks". There is only the perception. 
The trick is to bring the perception into accord with the facts. 

In addressing the perception of risks, one should recognize that 
often the actual risks are not even the issue. Frequently the issue 
is the freedom of deciding for oneself whether or not to accept the 
risk. The individual's right to decide, rather than the risk 
itself, is often the bigger issue. For example, most persons accept 
the not inconsiderable risks of riding in automobiles because their 
use is considered voluntary, and because they believe that they have 
some influence on the magnitude of risk, at least if they are 
driving. ; These same persons may actively oppose a hazardous waste 
disposal site or nuclear power reactor because they resent the 
involuntary imposition of risk, no matter how slight the actual risk 
may be. When risks are imposed in an involuntary manner, they often 
are interpreted as a moral and ethical dilemma, rather than a 
scientific issue. In such circumstances, risks cannot be addressed 
effectively by a simple presentation of data. Any effort to dismiss 
the perceptions and confine the discussion to facts makes the 
effort, and the presenter, irrelevant to the concerns of the 
audience. It also polarizes the issue and, not infrequently, the 
audience, into irreconcilable factions. 

RISKS AND INDIVIDUALS 

Most persons are reluctant to think objectively about health 
risks. Assuming total responsibility for decisions about health 
risks leads to an obligation to live with the consequences of those 
decisions. When people have all the available facts and are totally 
free to make decisions about risks, they cannot direct the blame for 
adverse consequences elsewhere. Most persons prefer that others 
(eg, governmental agencies or responsible individuals) establish 
rules and standards about health risks. In the absence of official 
rule-making bodies, community consensus and peer opinion often is 
looked to for guidance in decision-making. Then if adverse 
consequences occur, they can be attributed to inadequacy of the 
standards, lack of diligence in enforcing the rules, or the 
stupidity of friends and community leaders. That is, someone else 
is at fault and can be blamed for the consequences. Laying the 
blame at someone else's feet is particularly likely if the 
responsible entity is suspected of vested interests, bureaucratic 
bungling or inattention to detail. Being able to blame someone else 
if adverse effects occur greatly enhances the acceptability of risks. 

Health risks are more acceptable if they are described in terms 
of "statistical" rather than identifiable victims.For 
example, descriptions of injuries in an industrial or construction 
accident are more impressive than are statistics of the carnage on 
highways. The fascination of onlookers viewing a serious automobile 
crash is a manifestation of the sudden and shocking realization of 
the human tragedies hidden away in statistics about highway 
accidents. 
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Risks arid benefits are almost always interpreted personally. 
Involuntary risks, no matter how small, must be accompanied by 
personal benefits if people are to accept them. Frequently, the 
decision to accept a risk reflects an asynchrony of risk and 
benefit. Activities where the benefits accrue quickly and the risks 
are deferred until later are usually more acceptable than those 
whose benefits and risks occur simultaneously. If the risks are 
immediate and the benefits delayed, then the activities may be 
rejected no matter how much the benefits may outweigh the risks. 

Risks to children and to immediate future generations raise 
considerable alarm.**”* 9 When one's family is involved, even 
deferred risks may be an unacceptable price for immediate benefits. 
However, if the risks are deferred to a remote future generation, 
most people feel little concern. 

Often the benefits of an activity are shared among many 
individuals while the risks are assumed by only a few. This process 
is deemed acceptable only if the risks to the few are not 
inordinately high, irrespective of the collective benefit. Of 
course, those persons exposed to the risks must share in the 
benefits, or even receive some additional benefits such as salary 
bonuses (referred to as "hazard pay") or additional community 
resources (eg, water recreational activities provided by a dam for 
hydroelectric power). 


RISKS AND SOCIETY 


When life is comfortable, risks are less tolerable. Comfort 
implies the presence of a certain measure of benefits, and 
additional benefits may not justify extra risks. People living 
comfortable lives tend to be risk-averse and satisfied with present 
conditions. They tend to avoid risks even though the risks may 
stimulate growth and creativity. Risk aversity is apparent today in 
many developed societies, especially western Europe and the United 
States. Older people tend to be more wary of risks, perhaps because 
they are more experienced than younger persons and more conscious of 
their own mortality and vulnerability to disability. They may also 
be less ambitious in seeking benefits, because they have fewer 
people to share them with and less time to enjoy them. A society 
with a substantial elderly population tends to be less risk-taking 
than one dominated by young people. This trend is increasingly 
apparent in the United States, and presents a serious challenge to 
civic leaders faced with difficult issues that can be addressed 
effectively only through a fair degree of societal risk-taking in 
the near future. An economy based on services rather than industry 
tends to be less adventuresome and more cautious about risks. The 
economy of the United States is moving rapidly in this direction. 

In a technologically complex society, many of the health risks 
are imposed involuntarily as a trade-off of risks and benefits. 

These risks are generally less acceptable than those which offer 
freedom of choice. The adverse consequences of involuntary health 
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risks, including the personal and public anxiety and societal unrest 
that they create, inculcate a desire for some type of compensation. 
The increasingly litigious culture of the United States is a direct 
reflection of this attitude. 

THE RESPONSE TO RISKS 

Risk implies a possible adverse consequence that may or may not 
materialize as an effect on health and wellbeing. Risk creates an 
aura of uncertainty, and people are discomforted by uncertain 
consequences and a fear of the unknown. As the uncertainty 
increases, the tolerance for risks decreases. As a consequence, 
health risk information is almost always interpreted emotionally 
rather than objectively. 

Most persons, including representatives of the public media, 
have little understanding of probability, and tend to think in 
causal rather than probabilistic terms. To these persons, anecdotes 
and personal experiences are far more meaningful than statistics and 
epidemiology. Presenting health risk information in terms of 
quantitative probabilities of adverse consequences leads to 
confusion of the audience and frustration of the presenter.10—11 
Most persons simply do not (and refuse to) comprehend a statement 
such as "an increase of 1/100,000 in the probability of future 
cancer per millisievert of whole body dose equivalent from ionizing 
radiation." They tend instead to think causally, using only the 
information they can intelligibly extract from such a statement. In 
this example, the tendency is to focus on the terms cancer and 
ionizing radiation and to conclude that exposure to radiation leads 
directly to cancer. And most persons have an anecdote or personal 
reminiscence that confirms this causal relationship. The perception 
may be irrational, but it is real and should not be discredited. 

Any attempt to discuss the health risks of radiation exposure should 
start from the perception and work towards a more rational 
understanding of the health risks of exposure to radiation. 

The reality and the perception of health risks are often far 
apart. Communication that has the best chance of succeeding starts 
with the perception and works towards the facts. Any effort to 
discredit the perception as irrational and ignorant is interpreted 
as arrogant and unresponsive to the concerns of the audience. 

Persons trying to address health risks may prefer to deal in facts 
rather than ad hominens : to do so exclusively, however, only 
diminishes the effectiveness of the presentation and discredits the 
presenter. 


THE ACCEPTANCE OF HEALTH RISKS 

The likelihood of adverse consequences is important to persons 
exposed to health risks. Many other factors are also important. 
For example, the severity of outcomes and their proximity to 
exposure to risks influence the acceptability of risks. Death and 
major disability are more undesirable outcomes than are minor 
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inconveniences occurring as a consequence of health risks.12-13 
Pain and suffering caused by adverse consequences also influence the 
perception of risks and their acceptability. Risks that result in 
familiar events (eg, automobile crashes) may be more acceptable than 
those that produce uncommon consequences (eg, industrial disasters), 
even though the uncommon character of some events implies 
substantially lower risks. Greater attention and dismay is paid to 
events where multiple deaths and injuries occur, especially when 
they seem to be random occurrences (eg, airline crashes) or involve 
substances (eg, radiation and noxious wastes) that evoke a sense of 
fear and dread. Public attention is especially riveted on 
technologies such as nuclear power with a history of incidents 
attributable to human error. But without human intervention, some 
complex emerging technologies such as genetic engineering and 
robotically-controlled mass transit systems may ultimately be 
interpreted as too risky for societal development. 

Risks are more acceptable if the degree of exposure to them'can n 
be controlled, if some possibility exists to reverse adverse 
consequences in the future, or if they produce consequences that are 
temporary rather than permanent. Peer pressure is often very 
influential in determining whether risks are accepted or rejected. 
This pressure is especially important for adolescents and young 
adults, but almost everyone is influenced to some degree by the 
opinions and attitudes of peers about health risks and their 
acceptability. 


COMMUNICATING RISK INFORMATION 

Communicators of information about health risks often adopt the 
wrong approach, 14 ” 15 as exemplified by health risk messages that 
usually stress risks rather than benefits, and emphasize possible 
adverse effects rather than safety and the likelihood of no 
effects. For example, the air pollution index is quoted rather than 
the level of air quality; toxic wastes are mentioned rather than the 
byproducts of industrial developments; levels of discharge of 
noxious substances are described rather than their degree of 
containment; and the possibility of a nuclear emergency is focused 
upon rather than the safety record of the industry. Emphasizing the 
public’s ’’need to know** certain information also misses the mark; 
the public has a "right to know" information relevant to its 
decisions about health and health risks. 

People are influenced by the degree of media attention given to 
various risks and their adverse consequences. They also are 
affected by how recently media coverage was focused on them. Often 
the media has been accused of irresponsible presentation of 
information about health risks. Persons concerned about objective 
presentation of risks often implore the media to educate the public 
realistically about risks, rather than simply to report accidents 
and disasters in a manner that stimulates the public’s prurient 
interests. Spokespersons of the media respond by disclaiming any 
obligation to educate; in their view, the responsibility of the 
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media is solely to convey information, not education, within the 
context of selling subscriptions and recruiting viewers. They 
recognize that safety and the avoidance of hazards and disasters are 
not news; neither are intelligent decisions and responsible 
behaviors. The media is a convenient target for blame by those 
frustrated with the difficulties of conveying health risk 
information and the disappointments of being unable to elicit 
rational,attitudes and behaviors in response. This blame is 
misplaced, because it misinterprets the role of the media in our 
society, at least as it is understood by those responsible for it. 

THE MEDIUM OF HEALTH RISK INFORMATION 

In earlier times in our society, we assumed, somewhat naively, 
that industry would address any health risks associated with its 
activities. We also assumed that government agencies would ensure 
that this obligation was satisfied. In the more iconoclastic 
culture of the United States today, industry is viewed, somewhat 
cynically, as willing to cut comers at the expense of safety, and 
not infrequently government agencies are considered too bureaucratic 
and bungling to protect the public health and the welfare of 
individuals. Today activist groups of concerned citizens, and the 
threats of legal action, have largely supplanted trust in industry 
and reliance on government as deterrents to health risks. This 
distrust of industry and loss of confidence in government is 
undermining the nation’s ability to move into new horizons 
coincident with a progressive economy, and is changing the 
orientation of society from a posture of stimulating new ventures to 
one of deterring them. 

Today the credibility of health risk information depends as much 
on who presents the information as on what is presented.3-6-17 
Purveyors of such information need impeccable credentials, a 
reasonable level of knowledge, and no interest in the outcome other 
than the welfare of the community and the health and safety of 
persons in it. Health risk informants should be residents of the 
affected community so that their health, and that of their families, 
are influenced like that of everyone else in the community. 

Persons knowledgable about health and the risks to it at both 
the personal and public levels are among the best candidates for 
these responsibilities. Educational, science and health leaders in 
the community are foremost among these resources. Physicians and 
scientists have an opportunity, and perhaps even an obligation, to 
become more involved as community resources in personal and public 
education programs about health risks. It is principally through 
their efforts that attitudes will be changed and behaviors altered 
so that more intelligent decisions will ultimately be made about < 
health risks and their reduction. 
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Under Title III of SARA, companies must provide 
information about chemicals that they manufacture, 
store, or process. Communities will use data about 
potential accidental releases to develop local emergen¬ 
cy plans. Data about routine chemical releases will be 
made available to the public on a computer data base. 
Simply having such data available does not ensure 
consensus about reducing potential chemical risks. 
Laboratory and field research are summarized, indi¬ 
cating that people tend to edit small risks to zero as 
being too small to worry about, or to adjust them 
| imperfectly ifrom an anchor equal to the potential loss. 

These results suggest recommendations for communi- 
| eating about the risks posed by accidental or routine 
releases of chemicals. 


' Title III of the Superfund Amendments and Reauthoriza¬ 
tion Act of 1936* (SARA) is also called the Emergency Plan¬ 
ning and Community Right-to-Know Act. 1 Its purpose is to 
facilitate informed public participation in decisions about 
chemical risks—at the community level where these risks 
occur. Companies must provide information about hazard- 
I ous and toxic chemicals that are present in their facilities as 
part of their manufacturing, storage, or processing activities. 
Title III covers both accidental and routine releases. 

The availabil ity of data per se does not ensure that every 
community will reach an easy consensus regarding what—if 
anything—should be done about the potential risks posed by 
j these chemicals. Rather, different groups can be expected to 
have opposing reactions to this information. Apathy and/or 
i denial may characterize one group's responses to this ava- 
t lanche of information about the presence of chemicals and 
: their routine releases. A typical resident might say: “This is 
information about chemicals that have been present in my 
| community for years. Besides, safety practices and regula¬ 
tions now in place have reduced the amounts of these chemi- 
i cals that get into the environment. I don't know anyone who 
got sick from these chemicals, and the companies using them 
provide lots of jobs here. I don't need this information, 
especially because it might lower the value of my property." 
i Public officials can be discouraged by this type of response 

! because the Tit le III data can be used to protect communi¬ 
ties from substantial risk in specific situations. For example, 
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the data could be used in a Local Emergency Plan to indicate 
that the appropriate evacuation routes depend on wind di¬ 
rection in case of an accidental release into the air; if resi¬ 
dents are not aware of this, they may use evacuation routes 
that carry them into a pollution plume, rather than away 
from it. Another example is the case of communities where 
all companies are complying with their emission permits, 
but where the combined effect of these emissions may create 
potential “hot spots” in terms of annual emissions. If the 
residents ignore the Title HI data, they may lose an opportu¬ 
nity to negotiate for changes that could reduce their poten¬ 
tial exposure. 

Public officials and business firms also are concerned 
about potential misinterpretation or even deliberate misrep¬ 
resentation of chemical data. For e xam ple, the routine re¬ 
lease data is reported in pounds per year; comparing 35,000 
pounds of chemical X to 10,000 pounds of chemical Y may 
give the impression to the community and the media that 
chemical X represents a larger problem than chemical Y. 
However, this impression ignores important factors such as 
the comparative toxicities of X and Y and whether the re¬ 
lease is likely to result in exposure. Special interest groups 
also could play on the apprehension that might be created by 
the sheer size of the numbers associated with the units in 
which the data must be reported (e.g., reporting 10,000 
pounds may be far more frightening than the same informa¬ 
tion expressed as 5 tons). Public concern about the large 
number of pounds could lead to pressure for reducing emis¬ 
sions of substances much less likely to harm the community 
than smaller quantities of chemicals that are more toxic or 
more likely to result in exposure. Such considerations may 
result in a second group of citizens becoming overly con¬ 
cerned about some chemicals. The behavior of this latter 
group contrasts dramatically with that of the apathetic 
group. 

When both the apathetic and concern reactions occur in 
the same community, there is likely to be conflict about 
interpreting risks revealed under Title HI as well as about 
other risks. In this work, we use relevant research results to 
derive policy recommendations for communicating risks 
posed by either accidental or routine releases of chemicals in 
a community. The main objective of these recommendations 
is to assist government officials and members of Local Emer¬ 
gency Planning Committees (LEPCs) as they help citizens 
put the risks in context, that is, to raise community aware¬ 
ness of the larger risks without causing undue concern about 
the smaller ones. 

Copyright 1989—Air & Waste Management Association 
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perceived risk. 

Sara TUI© II!—Background 

Title III relies primarily on local planning and action. 
State commissions have been appointed to establish LEPCs, 
which use data relevant to potential accidental releases for 
preparing local emergency plans. The LEPCs must include 
elected state and local officials; policy, fire, civil defense, and 
public health professionals; hospital and transportation offi¬ 
cials; as well a3 representatives from industry, community 
and environmental groups, and the media. 2 

Companies must participate in emergency planning if 
they have more than published threshold quantities of 366 
substances lishnl as extremely hazardous. 3 They must notify 
the LEPCs find their state commissions about releases of 
these chemicals that are above specified quantities. Compa¬ 
nies must also submit information regarding inventories of 
hazardous chemicals to the state commissions, LEPCs, and 
local fire departments. They are not required to submit this 
information to the U.S. Environmental Protection Agency 
(EPA). The lav? became effective on October 17,1987. 

Prior to initiation of Title HE, EPA had a Community 
Emergency Preparedness Program, which relied on volun¬ 
tary submission of information so that communities could 
plan for chemical emergencies. 4 Elements of this EPA pro¬ 
gram were incorporated into the Title HI legislation. EPA 
and other federal agencies provide guidance and training for 
helping the LEPCs and state commissions cope with the 
deluge of information from companies that are required to 
j report under Title IH For example, the National Response 
Team, which m composed of 14 federal agencies, has pub¬ 
lished guidelines for emergency response planning. 5 The law 
required that the emergency plans be ready by October 17, 
1988; they must be reviewed at least annually. 

Data about routine releases of over 300 listed chemicals 
must be submitted annually both to the states and to EPA, 
beginning July L, 1988. The threshold quantity of release for 
[ reporting puiptjses is 10,000 pounds per year for facilities 
using a listed chemical. Facilities manufacturing or process¬ 
ing a listed chemical halve annual reporting thresholds that 
! decrease to 25,000 pounds per year by July 1, 1990. These 
data will be made available to the public by EPA through a 
i computerized Toxics Release Inventory. States also will 
make the routine release data available. 

| The Toxics lielease Inventory will provide information 
regarding how much of each listed chemical is released from 
the facility into the air, water, and land. The quality of the 
data is expected to be variable, because there are no moni¬ 
toring requirements in the legislation. A significant concern 
is that this ds/ta base will not have information that relates 
the emissions information to the likelihood and potential 
; consequences of exposure. There is little overlap between 


the chemicals that must be reported for emergency planning 
and those that must be reported for routine release. This is 
mostly because concerns about emergency releases (e.g., ex¬ 
plosions, fires, acute health effects) often accompany differ¬ 
ent chemicals than the chemicals associated with chronic 
health and environmental effects that are of concern from 
routine releases. EPA is in the process of developing fact 
sheets that describe what is known about the consequences 
of exposure. The agency also is preparing a personal comput¬ 
er version of the Graphical Exposure Modeling System 
(GEMS), which is a model for combining routine emissions 
information with geographic characteristics to predict po¬ 
tential exposures. 6 

The legislation does not specify that LEPCs are responsi¬ 
ble for interpreting the routine release data. However, the 
public may turn to the LEPCs, local and state health and 
environmental offices, state commissions, and even EPA 
officials, to help them understand the implications of Title 
HI information. EPA recognizes that the LEPCs have the 
potential to be a community focus for managing both emer¬ 
gency and routine release risks under Title HI. 

Difficulties In Understanding Community Chemical Risks 

To make recommendations regarding communication 
about chemical risks in a community, it is necessary to un¬ 
derstand how people form beliefs about risks associated with 
chemicals and how these beliefs change. Figure 1 shows our 
model of risk judgement as a first step for explaining how the 
same risk information can lead some people to dismiss a risk 
as too small to worry about while others view the risk as a 
threat to themselves, their family, or their property. Several 
factors may affect whether a person worries about a particu¬ 
lar risk. The first part of this section describes some of the 
empirical evidence supporting the model in Figure 1. The 
second part describes how various factors may influence 
possible outcomes under the proposed model. 

A Model of Risk Judgement 

Substantial empirical evidence indicates that people have 
difficulties evaluating small probabilities. McClelland et al. 
used laboratory experiments to demonstrate that subjects' 
bids (i.e., the amount they were willing to pay) for insurance 
against a loss were approximately equal to the expected 
value of the loss—as predicted by economic theory 7 ’ 8 —for 
probabilities of loss greater than approximately 0.1. 9 Howev¬ 
er, subjects consistently bid more than the expected value of 
insurance for smaller probabilities of loss. 

A more detailed examination of the results from the 
McClelland, et al. low-probability risk experiments is shown 
in Figure 2a. 9 Economic theory predicts that people will bid 
the expected value of insurance for a particular risk, so that 
the ratio of bid to expected value of the insurance would be 1. 
However, in this experiment there were more bids at twice 
that ratio, and a substantial number at four times the ex¬ 
pected value. In addition, many of the subjects bid zero for 
the insurance against a small probability loss. The results 
indicate that the distribution of the ratio of bids to expected 
value is bimodal. 

A similar pattern can be seen in Figure 2b, which repre¬ 
sents community beliefs about the risks associated with a 
Superfund site located in Monterey Park, California. 9 As in 
the laboratory experiments, a substantial share of residents 
in the community judged the risk to be zero, while approxi¬ 
mately 30 percent perceive the risk to be as high as one in one 
hundred. This is much higher than the scientists' estimates 
of potential risk from the Superfund site. For example, 
EPA's risk estimates imply an upper bound on nearby resi¬ 
dents' risk of cancer from vinyl chloride of 1.67 X 10~ 4 . 
Although the results of these two case studies need further 
confirmation, they do suggest that the factors resulting in 
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, bimodal distributions of perceived risk may be the same in 
i the laboratory experiments and in an actual situation. 

Bimodal distributions of risk perceptions may be ex¬ 
plained by two cognitive processes: 1) dismissal 10 ’ 11 and 2) 
anchoring and adjustment. 12-14 An intuitive explanation for 
: these processes is that individuals confront so many low 
probability risks that it is impossible to develop an appropri- 
; ate response for each one on the basis of analytical evalua- 
i tion. One coping strategy is to dismiss those risks that are 
perceived to be below some threshold (i.e., the left side of the 
risk judgement model presented in Figure 1). In the McClel- 
1 land et al. insurance experiments previously cited, fewer 
people bid for insurance as the probability of loss falls, so the 
amount of dismissal increases. For those who do think the 
risk is large enough to evaluate (i.e., the right side of Figure 
1), the problem is how to decide on an appropriate level of 
concern (i.e., how much to bid to protect against a loss in the 
insurance experiments). The model indicates that people 
, first anchor on the loss. That is, they focus on the magnitude 
of the potential loss. Then they adjust their concern (or bid 
for insurance) downward to_ reflect the fact that the loss will 
■ occur only some of the time. The cognitive psychology litera¬ 
ture indicates that such adjustments nearly always are in- 
1 complete. 13 - 15 - 16 In the context of the insurance experiments, 

: the concept of incomplete adjustment can be used to explain 
why the bids for insurance end up being larger than expected 
value (for respondents in the upper mode of the bimodal 
| distribution). 

1 For the previously cited insurance experiments, these cog¬ 
nitive processes for forming a risk perception can be shown 
I in a simple equation: 

B - L - (1 - e)(L - pL) = pL + e(L - pL ) (1) 

where: B = the bid for protection against loss 
L = the loss if the hazard occurs 
p - the probability of loss, and 
e - the adjustment factor 

The equation indicates that people anchor on the potential 
loss L and adjust this amount toward the expected value of 
the loss, pL. Aja expected value model would predict the 
adjustment to be \[L — pL) y with e - 1. However, the term (L 

pL) is modified by (1 — e) because the adjustment is 
incomplete. Using the data from the insurance experiments, 
the model predicts the underadjustment factor to be only 2- 
13 percent. 9 This eiror still distorts responses significantly for 
low probabilities because the difference between the anchor, 
L t and the expecte d value of the loss, pL, is very large for low 
f probabilities. For example, if L - 100 and p = .01 then (L - 
pL) = 99. If the underadjustment factor is 2 percent, then B 
= 2.98. Compared with the expected value pL - 1, this 
implies an adjustment error of 1.98. As the size of the adjust¬ 
ment needed becomes larger, so does the adjustment error 
; (e.g., if L = 1000, (L - pL) « 990, and e(L - pL) = 19.8). The 
adjustment error seems especially large compared with the 
expected value pL, which will be small for low probabilities. 

Given the bimodality that is likely to occur in a communi- 
jty’s perceptions of low-probability chemical risks, the best 
strategy for the LEPC (or other responsible group) may be to 
help people appro ach the more appropriate mode of either 
“dismissal” or “concern,” while recognizing that neither 
mode may be accurate. In order to select the most appropri¬ 
ate mode, the LEPC could use data provided under Title HI, 
additional information about whether those releases might 
lead to exposure, *md dose-response data. The risk commu¬ 
nication strategies needed to help people get into a concern 
mode may differ from those needed to help them get into a 
dismissal mode. 

, The judgement of whether the concern mode is more ap¬ 
propriate than the dismissal mode is not a trivial issue. The 
true size of the risk cannot be determined because of the 
uncertainties associated with various steps of the risk esti- 

! 
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mation process. KisK assessments typically yield estimates 
of individual risk and estimates of the total number of peo¬ 
ple affected. However, other characteristics of risk also are 
important to the public. This makes it likely that there will 
be an element of value judgement in the LEPC’s (or other 
responsible group’s) decision about which mode is more ap¬ 
propriate. 


Determinants of Dismissal versus Concern 

Several factors may influence whether people dismiss a 
risk or evaluate it. Some of these factors are discussed below. 

Framing of gains and losses . In their description of pros¬ 
pect theory, Kahneman and Tversky indicated that it is 
important to determine whether the risk being communicat¬ 
ed will be viewed by community residents as an increase or a 
decrease in their level of risk. 10 - 17 People are more concerned 
about losses than about gains relative to the status quo. This 
means that a perceived increase in risk (a loss) will have a 
greater psychological impact than the same size reduction in 
risk (a gain). In common sense terms, going from thinking 
one is “safe” to believing one is “unsafe” makes an individ¬ 
ual comparatively unhappier than going from thinking he is 
“unsafe” to believing he is “safe” makes him happier. 

Because most community members probably are unaware 
of potential risk that must be reported under Title III, the 
data are likely to be viewed as a new risk and a loss in well¬ 
being. Thus, the risk is more likely to be evaluated than 
dismissed, and it is likely to be weighted more heavily be¬ 
cause it is viewed as a loss. If the community is judged to 
need help getting into the dismissal mode, these consider¬ 
ations suggest that expressing risks in terms of the probabili¬ 
ty that “there will not be an accident” or that “there will not 
be adverse health effects” may generate less concern than 
expressing the risks in terms of the probability that “there 
will be an accident” or that “there will be adverse health 
effects.” The reverse would be true if the community is 
judged to need more concern. 

Another framing issue is the quantitative expression of 
risk. Although people have difficulty understanding low- 
probability risk, some results of the insurance experiments 
indicated that bids converged toward expected value when 
the risk was expressed as an aggregate across several time 
periods. 18 Subjects were told both that the probability of loss 
on any given round was 0.01, and that this meant the proba¬ 
bility of at least one loss across 25 rounds was about 0.25. 
The resulting bids (to protect against any loss for the block 
of 25 rounds) showed less of a bimodal distribution, and they 
were closer to the expected value. 

These results suggest that it may be effective to express 
risks in terms of a longer time frame, such as a lifetime, at 
least for annual risks in the range of 10“ 2 to 10“ 3 . This 
strategy is less likely to succeed for smaller risks because the 
risk aggregated over an individual’s lifetime still is smaller 
than the range of probabilities that most people understand. 
However, expressing aggregate (lifetime) risk to the neigh¬ 
borhood or community might have large enough probabili¬ 
ties to accomplish better understanding. For example, an 
individual lifetime risk estimate of 10 -4 could be explained 
as one expected death over 70 years in a community of 10,000 
people. 

Experience. The amount and nature of prior experience is 
an important determinant of how much concern individuals 
will have about a risk. Risks that are familiar, for which the 
science is understood, and with which they have had prior 
benign experiences are more likely to be dismissed. Risks 
that are unfamiliar, not well understood, and for which there 
are no perceived benign experiences are more likely to gener¬ 
ate high levels of concern. 19 For example, across 50 rounds in 
the insurance experiments using a probability of 0.01, the 
share of people in the concern mode dropped steadily with 
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benign experience until the adverse event actually occurred 
on the 33rd round. 9 Then there was a sharp drop in the 
fraction of subjects in the concern mode, reflecting the 
gambler’s fallacy that a low-probability event is less likely on 
the next round because it occurred on the previous round. 
During succeeding rounds, the share of subjects in the con¬ 
cern mode grew as fewer and fewer people felt comfortable 
dismissing the risk. 

Many communities will recall only benign experience rele¬ 
vant to Title ill, and tend to be in the dismissal mode. But in 
communities where there has been a chemical accident or an 
emergency release, a high share of the population may be in 
the concern mode. 

Characteristics of the risk . Technical risk assessment 
identifies which adverse effect could occur and estimates its 
probability of occurrence and the number of people expect¬ 
ed to be affecited. These are the only parameters included in 
a risk assessment. However, individual’s beliefs about other 
factors may influence whether they dismiss or express con¬ 
cern about a particular risk. There are several important 
characteristics of risk that cause people to have more con¬ 
cern. 20 ' 21 The more serious and dramatic the consequences of 
a risk, the liigher will be the anchor in the anchoring and 
adjustment process, so the final level of concern will be 
higher. Risks that are dreaded, that can affect many people 
at one time, and that are considered to be unfair or morally 
wrong tend ito result in higher concern. 19 

Personal characteristics. There is some evidence to indi¬ 
cate that personal characteristics affect risk perceptions. For 
example, people with more education, who are white, and 



Bid for insurance 


expected value of the loss 

Figure 2a. Distribution of subjects' concern obtained from a laboratory 
experiment. 9 



Figure 2b. Dislritution of nearby residents' concerns about a Superfund 
site. 9 Annual risk of death: a - no risk; b — one in 9 million; f = one in 100 
thousand; j = one In 10 thousand; n = one in one thousand; r = one in one 
hundred; v - one in ten. 


who tend to ask a doctor a lot of questions or read regularly 
about health have less concern about radon. 22 Families with 
children, relatively young people, and women all tend to be 
more fearful of Superfund sites (and Superfund sites contain 
many Title III chemicals). 9 For the Superfund sites included 
in this study, education, income level and occupation were 
not found to have an impact on risk beliefs of people living 
nearby, however. 

Media attention. The need to maintain ratings or circula¬ 
tion gives the media an incentive for sensational coverage, 
especially when there is public controversy. Media coverage 
is likely to focus on those factors that encourage evaluation 
and lead to concern (e.g., a story reporting higher cancer 
rates in the area). The McClelland et al. research showed 
that frequent exposure to media reports about a Superfund 
site was significantly correlated with being in the concern 
mode. 

Physical reminders. Risk judgements are influenced by 
perceptual cues. The more people are reminded of a risk, the 
more likely they are to be in a concern mode. Responses from 
45 percent of the residents living near a Superfund site 
revealed that many of them perceived a dramatic decline in 
risk after the site was closed. 9 No special closure activities 
had been undertaken to safeguard the community from the 
wastes already at the site, but the disappearance of physical 
reminders such as trucks and workers on the site may have 
been enough to change the community’s risk beliefs. In¬ 
creased perceptual cues regarding Title HI could come from 
sirens and fire trucks signalling the emergency release of a 
chemical, or from odors that accompany routine releases. 
Chemical releases that are odorless and colorless are less 
likely to result in people being in the concern mode. 

Recommendations 

The following are recommendations for LEPCs and other 
groups that may be asked to interpret Title in data. Some of 
them are consistent with risk communication guidelines al¬ 
ready available, but others are new. 23 

© Identify and address community concerns . Effective 
risk communication is crucial if Title HI is to lead to 
informed local decision making about chemical risks in a 
community context Effectiveness requires recognition 
that community concerns may not be addressed by the 
usual components of risk assessment (e.g., residents may 
be worried by odors from a local chemical plant while 
experts may know that the odors are harmless, and not 
think it important to address the issue in discussions of 
Toxics Release Inventory data). 

• Establish and protect credibility . Individuals communi¬ 
cating risk must be viewed as credible by the community. 
The diverse composition of LEPCs should demonstrate 
absence of bias toward any particular interest group. 
Care should be taken, however, because there are only 
limited public resources to support LEPCs’ activities. 
The interests and available expertise of industry repre¬ 
sentatives on LEPCs may result in their having a large 
share of the committee’s work. This could be perceived 
as self-serving. However, informed review by other com¬ 
mittee members and the LEPC’s state commission 
should ameliorate such concerns. Other neutral experts 
(from local colleges, laboratories, etc.) also may be called 
upon to reinforce the risk communication messages. 

• Account for typical reactions to low-level risks . Because 
we observe fairly few fatal chemical accidents and chem¬ 
ical-related illnesses, nearly all of the Title IU risks will 
have annual odds smaller than one in one hundred. 
Therefore, people will have difficulty understanding 
these risks and will tend either to dismiss them or to have 
a high level of concern about them, potentially resulting 
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in community conflict. The LEPC (or other responsible 
group) will have to decide whether the larger problem is 
raising awareness of those who tend to dismiss (so that 
they would become less likely to ignore warnings about 
actions to take in a chemical emergency) or reassuring 
those who believe routine release risks to be larger than 
the scientific evidence indicates. It is unlikely that all of 
the divergence between those in the dismiss mode and 
those in the concern mode can be resolved. This may be 
appropriate, though, because some of the community 
resident may be at higher actual risk. 

• Recognize that characteristics of risk matter . A famil¬ 
iar, well known, and undramatic risk generates a lower 
level of concern than one with the same probability and 
consequence that is new, poorly understood, and dra¬ 
matic. Even if people are convinced that the probability 


cause some differences in characteristics may cause peo¬ 
ple to reject the validity of the comparisons. For exam¬ 
ple, several voluntary risks are included in Figure 3, 
while people in a community may feel that Title III risks 
are imposed on them involuntarily. An alternative risk 
ladder could be developed, however, with better match¬ 
ing of characteristics of the comparison risks and the 
Title III risk. 

• Treat the media as a legitimate partner . Providing com¬ 
plete and consistent information to the media will mini¬ 
mize the likelihood that they will become catalysts for 
inadvertently high levels of concern. In addition, access 
to experts can make it easier for reporters to develop an 
accurate but interesting story about a risk that the 
LEPC views as potentially large but that people are 
dismissing. 
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Flgur* 3. Example of a risk ladder, indicating risk for one year of exposure unless otherwise specified. 9 


and consequences are the same, they still often object 
more to a risk that is imposed upon them than to one 
voluntarily sought, one that affects many people at once 
rather than one,at a time, or one that involves dread. 
This may indicate that the community really wants more 
of its resources devoted to reducing some risks compared 
with others that may have a higher probability or affect 
more i>eople. Such preferences should be acknowledged 
when communicating about risk. 

• Use comparable risks . Risks should be expressed in con¬ 
crete terms and put in perspective. Several suggestions 
are provided in a manual the Chemical Manufacturers 
Association has developed for plant managers. 24 One 
approach is to match characteristics of the risks posed by 
Title ID! chemicals with characteristics of other risks 
with whi ch people have more familiarity. An example of 
using comparable risks is presented in Figure 3, which 
shows actual risks associated with various activities. 9 A 
Title III chemical could be placed on this risk ladder, 
next to the corresponding scientific estimate of risk. If 
the situation where the risk is being explained cannot 
accommodate the time needed to read and understand a 
risk ladder, one or two comparable risks can be de¬ 
scribed. Comparisons need to be used with caution, be- 
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© Account for individuals' characteristics . For example, 
people with young families are likely to have higher 
concern about risks, especially compared with the elder¬ 
ly. Communications need to be targeted to subgroups, 
accounting for ways to reach them as well as making the 
message personalized to help them shift into the appro¬ 
priate mode of dismissal or concern. 

Disclaimer 

This work was presented at the APCA ’88 Meeting, Dallas 
Texas, June 20-24,1988. The research was partially funded 
by the U.S. Environmental Protection Agency. The views 
expressed are the authors’ and should not be attributed to 
the funding agency or their employers. 
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INDUSTRIAL RISK PERCEPTIONS 

E. E. Pochin 

National Radiological Protection Board, Chilton, Didcot, Oxfordshire, OX11 ORQ, United Kingdom 

Abstract —The risks of occupational exposure to radiation need fuller and more explicit characterization. They also 
need a more developed quantitative comparison with more familiar occupational hazards. 

To achieve this, some criterion is needed for establishing the amount of detriment one should attribute to 
different harmful effects, e.g., from accidents at work which cause death, temporary or permanent disability; from 
fatal anc, nonfatal cancers; from developmental abnormalities and any likely nonstochastic effects; and from a range 
of genetic defects. 

Mo such criterion for comparing incommensurable kinds of harm can be scientifically defined, but one is 
essential if occupational exposure standards are to be put into perspective. A comparison of the frequency of fatal 
cancers md “severe” genetic defects with that of accidental deaths at work is admittedly incomplete. 

Gtae possible starting point is from a review of the average length of healthy life md activity lost as a result 
of nonfatal industrial accidents and some curable cancers, or of gross impairment during the course of an active 
disease or as a result of many types of genetic defect, or of life expectancy lost absolutely owing to fatal accidents 
and diseases. Estimates are discussed to emphasize the areas in which opinion is most needed to translate measures 
of risk based simply on total time lost into acceptable criteria of perceived detriment 

Standards of industrial safety are reviewed on this basis, both for risk from accidents at work and from 
radiation exposure, with evidence on the rate at which both types of risk are being reduced. 


INTRODUCTION 

Standards of safety at work need to be better expressed 
! and understood, particularly in their quantitative ranking 
in different industries. No industry is completely safe— 
some are very safe, and some are much less safe. This 
obvious statement may be adequate for a general view of 
occupational risk. It is quite inadequate when reviewing 
! safety criteria in iDecupations involving exposure to agents 
such as ionizing radiation, asbestos, and probably many 

■ chemicals, for which no threshold for the induction of 
I harmful effects; can be assumed, for which the occupa¬ 
tional risks must ordinarily be predictive rather than based 
securely on past records, and when the predictions for 
exposure at low doses must often be derived by inference 
from the frequency of effects observed at higher doses. 

In such cases, the efficacy of protection criteria must 
; be judged by comparing the total of all risks of exposure 
at given dose rates in relation to the total of all risks in 
other occupations. How do the risks of occupational ex- 
; posure at a doss irate of 3 mSv y -1 compare with those in 
an industry with an annual fatal accident rate at work of 
: 3 per 100,000; and, more pertinently, how can qualita- 

■ tively dissimilar risks be compared quantitatively? 

If any such comparisons are to be convincing, they 
j must fulfill three conditipnsr 


(1) All significant types of harmful effects should be 
taken into account, not only the fatal effects of occupa¬ 
tional injuries and diseases. 

(2) Some factor which is common to all these types 
of harmful effect should be identified and its importance 
estimated in different occupations. One such factor is the 
total amount of time lost, both from normal health and 
activity and from the normal life expectancy, as a result 
of occupational accidents and diseases of different sev¬ 
erities. 

(3) A simple numerical estimate of the total amount 
of time lost in this way as a result of these accidents or 
diseases is, however, obviously inadequate as a measure 
of the safety or risk of an industry. Very different weight 
should, and would, be attached to equal periods of time 
lost in different circumstances. A third step is therefore 
essential—to evaluate the weight that should property be 
applied to different forms of harm, as assessed according 
to this criterion. No estimate of harm could be regarded 
as valid unless the perceived risk of different detriments 
was considered in some such way; although, the detriment 
attributed to different kinds of risk ought to be related to 
the magnitude of the risk, as well as to the type of harm 
involved. 

Therefore, in comparing the safety of different in¬ 
dustries, a first step could be to assess the length of time 
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lost, from i>eriods of good health and from average life 
span, because of the industries’ characteristic occupational 
injuries and diseases, so that at least the magnitudes of 
these hazards can be compared. 

INDUSTRIAL ACCIDENTS 

For most types of occupational injuries, this is rel¬ 
atively simple. In many countries, records have been 
maintained for several decades of the annual frequencies, 
for example, per 100,000 workers at risk, of fatal and 
nonfatal accidents at work, the latter commonly including 
all those involving days off work. 

Fatal accidents 

In the case of fatal accidents, the annual loss of life 
expectancy can often be assessed directly, e.g., in years 
per 1000 worker-y, from the frequency of such accidents, 
the distribution of ages at which they occur, and the nor¬ 
mal expectation of life at these ages among men and 
women in the countries concerned. 

The mean age: at which fatal occupational accidents 
occur among males varies somewhat in different indus¬ 
tries, but fit usually ranges within a few years of mean age 
of male workers in the industiy (ICRP 1985, Table 9). In 
heavily industrialized countries, with a male life expec¬ 
tancy of longer than 70 y at birth, the mean loss of life 
expectancy per fatal accident at work is typically about 
35 y (ICRP 1985, paragraph 41). In female workers, with 
a much lower frequency of accidental deaths, with a longer 
mean life expectancy, and often with a younger workforce, 
the value is probably somewhat higher, but it cannot usu¬ 
ally be assessed reliably. 

For art industry with an annual fatal accident rate 
of 3 per 103,000, and with a predominantly male work¬ 
force, fafcd accidents would therefore contribute a total 
amount of time lost, by loss of life expectancy, in the 
region of 1 y per 1000 worker-y. 

Accidents causing temporary disability 

The total time lost due to nonfatal accidents can also 
often be reliably assessed in the case of accidents causing 
temporary disability. From the annual frequency of such 
accidents and from the mean resulting number of days 
off work, which may range in different countries and in¬ 
dustries from about 15-30 working days (ICRP 1985, Ta¬ 
ble 11), the average annual (calendar) period of time lost 
(as assessed in terms of disability for work) can be deter¬ 
mined. 

In general, it is found that the total time lost per year 
in an industry—with many short periods of impaired 
health and activity-—is broadly similar in amount to the 
annual loss of life expectancy due to fatal accidents in 
that industry. There is not, however, a simple propor¬ 
tionality between these two contributions to time loss in 
industries, of different safety or risk. In the more hazardous 
industries, with fatal accident rates of more than about 


20 per 10 5 worker-y, the time losses due to fatal accidents 
are usually somewhat greater than those from accidents 
causing temporary disability, by a factor of up to 3 or 4. 
Conversely, in the safest industries, time losses from tem¬ 
porary disabilities are up to three times greater than those 
from fatal accidents, simply because a much smaller pro¬ 
portion of all accidents are fatal in the safer industries. 

Overall, however, it would probably be thought that 
the detriment due to the nonfatal accidents, with more 
numerous short periods off work, was less or much less 
than that of the comparable total period of lost life from 
fatal accidents. One would also expect that, whatever rel¬ 
ative weighting was given to being away from work or to 
being dead, the fatal accidents would make the dominant 
contribution to perceived risk. 


Accidents causing permanent disability 

With accidents causing some degree of permanent 
disability, the position is less clear. It is easy to assess the 
total period of disability caused annually in an industry, 
given the frequency of new cases per year, the ages at 
which they occur, and given evidence on how frequently 
people so classed do remain permanently disabled. The 
main difficulty in any quantitative assessment, however, 
lies in the very wide range in severity of the disabilities 
which are recorded in different industries and countries, 
ranging perhaps from stiffness of a finger joint to loss of 
two limbs. It is evident that the detriment per year of a 
very severe disability, both to the worker and to his family, 
may be considered to approach that of a year’s loss of life 
expectancy or perhaps, sometimes, even to exceed it. At 
the same time, most of the permanent disabilities recorded 
are much less severe, at least as judged by the average 
level of pension or compensation awarded, in comparison 
with the maximum level available for award. In some 
national records, the annual numbers of new cases of dis¬ 
ability are expressed as an equivalent number of total dis¬ 
abilities, either in terms of some fractional assessment at 
the time of initial medical evaluation, or as an estimated 
number of days of complete disability. 

In consequence, estimates of time loss due to per¬ 
manent disabilities, either in terms of actual risk or per¬ 
ceived risk, depend very much on national or industrial 
policies in compensation and classification. Even when 
risks can be expressed in some more or less arbitrary 
equivalent to cases of maximum disability, or even 
when—as in several countries—the equivalence is based 
on the same anatomical criteria of injury in all industries, 
the relationship in detriment between a year of maximal 
disability and a year of lost life depends on the criteria of 
maximal detriment adopted nationally or in the industry. 
Given the rather sparse available data on the annual fre¬ 
quencies and rated severities of new cases of permanent 
disability, it seems likely that accidents causing such dis¬ 
ability might be thought to involve a detriment of between 
half, and up to twice, that of fatal accidents in the samr 
industry, but this question needs more attention. 
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Detriment from all accidental injuries 

Meanwhile, however, if permanent disabilities were 
judged to add a detriment about equal to that of fatal 
accidents in a rather safe industry (having an annual fatal 
accident frequency of 3 per 100,000 workers) and if the 
detriment from the temporary disabilities was considered 
to be small when compared to that from fatal accidents, 
the total detriment from accidents at work in this industry 
would be equivalent to about 2 y of substantial disability 
per 1000 worker-y, if equal weight were given to the total 
of all nonfatal accidents, as compared to that given to 
fatal accidents. 

OCCUPATIONS DISEASES—OTHER THAN 
RADIATION-INDUCED 

In most industries, the total periods of health im¬ 
pairment and of life expectancy lost resulting from oc¬ 
cupational diseases are small compared to periods of time 
lost owing to accidental injuries at work (ICRP 1985, Ta¬ 
ble 17 A). The frequencies of disease are higher, however, 
in many forms of mining and tunneling, and in some 
chemical industries;. In manufacturing industries also, the 
low time losses due to accidents may be significantly in¬ 
creased by those due to recognized occupational diseases; 
and in various occupations, the mortality from certain 
forms of cancer has been increased (ICRP 1985, Ta¬ 
ble 16). 

In principle, the detriment due to occupational dis¬ 
ease in any industry could be expressed in terms of health 
or life lost, as in the case of occupational injuries, although 
presumably with a need for differing weights attached to 
years of mild or severe disease or of loss of life. In practice, 
however, the severity of symptoms and limitation of ac¬ 
tivity are as difficult to assess in any quantitative way as 
are those in cases of permanent disability from accidents, 
and the durations of such Symptoms of active disease or 
cif life-shortening due to fatal conditions are not com¬ 
monly reported. 

There is, in any case, no constant component of dis¬ 
eases of varying severity in different industries, in the way 
that appears to hold for accidental injuries. For most in¬ 
dustries, the contribution of industrial diseases to an index 
of occupational harm, based on years of substantial dis¬ 
ability per 1000 worker-y, would be small compared to 
that from accidental injuries (ICRP 1985, Tables 17A 
And B). 

RADIATION-INDUCED CONDITIONS 

In most respects, the harmful effects of radiation ex¬ 
posure at low doss rates can be evaluated in terms of 
periods of life lost or impaired, as readily as can those of 
accidental injuries. Forms of impairment are more varied 
and complex than the simpler alternatives of lost life ex¬ 
pectancy and short temporary disabilities due to accidental 
injuries, since they involve periods of active disease or 
detriment in the exposed or in their progeny, and periods 
of stress, disability and subsequent anxiety in the effective 


treatment of those induced cancers which prove to be 
curable, as well as the losses of life expectancy resulting 
from fatal cancers and inherited diseases which cause pre¬ 
mature death. 

The need to form a considered opinion on the weight 
that should be attached to these is, however, in itself a 
reason for reviewing the estimated periods of impairment 
or lost life that may result from occupational exposure at 
any given dose rate and mode of exposure. 

It is necessary, therefore, to consider the induction 
of fatal and of curable cancers, and of genetic effects of 
exposures received before conception of children. Non¬ 
stochastic effects are most unlikely to be caused by ex¬ 
posure under conditions in which both nonstochastic and 
stochastic dose limits to all organs are respected, with the 
possible exception of mental retardation in children if 
this effect is inducible without threshold by exposure of 
the mother during certain stages of her pregnancy. 

Induction of cancers that cause death 

The loss of healthy life due to the induction of fatal 
cancers involves periods of illness, commonly with severe 
disability before death and a variable amount of subse¬ 
quent life-shortening. The former period is likely to av¬ 
erage about 1 y, as indicated by medical evidence on the 
average length of survival from first diagnosis of the types 
of cancer, including leukemia, that are induced by radia¬ 
tion. The average amount of life-shortening in the exposed 
population can be assessed from estimates of the fatal 
cancer induction rate, the ages at which occupational ex¬ 
posures are found to occur, and the mean latencies from 
exposure to deathJhat are assumed for radiation-induced 
fatal cancers. 

The periods of illness from diagnosis to death, and 
of life-shortening due to the premature death, might be 
regarded as involving about equally severe detriment per 
year. The average periods of health or life lost for each 
fatal cancer induced can be estimated as about 1 y of 
severe illness and 14 y of lost life expectancy, if exposure 
was occurring throughout a working life from age 20 to 
65. At a mean effective dose equivalent rate of 3 mSv y“ ! , 
fatal cancer induction would then contribute a life-loss 
detriment of about 0.6 y per 1000 worker-y, taking 15 y 
of severe detriment for each fatal cancer induced, and an 
induction rate of 1.25 • 10 -5 mSv" 1 as an average for males 
and females. 

This estimate depends on the assumption of an “ab¬ 
solute risk” hypothesis, with a working population com¬ 
posed of both sexes equally and an average age of 40. It 
also assumes a slightly older mean age of exposure, as 
typically observed, and a mean latency to diagnosis of 13 
y for leukemia and of 25 y for other cancers induced, 
which represent some 80% of all fatal cancers. On a “rel¬ 
ative risk” hypothesis, the number of fatal cancers induced 
by exposure between ages 20 and 65 would be somewhat 
greater, probably by about 70% (NAS/NRC 1980, Table 
V.22) but with a greater proportion developing at older 
ages, so that the mean life-shortening for all fatal cancers 
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appears likely to be similar to that estimated on the basis 
! of an absolute risk hypothesis (ICRP 1985). 

t ■: 

! Induction of cancers that prove to be curable 

For most forms of cancer, it is much more difficult 
' to estimate total rates of induction by clinical records or 
cancer registry data than to estimate mortality rates of 
the relevant cancers from epidemiological studies of death 
l certifications. The number of curable cancers induced by 
radiation can probably be more reliably estimated on the 
: conventional assumption that the cancers induced by ra- 
: diation appear to resemble fi naturally occurring” cancers 
! of the same types in their clinical and pathological be- 
; havior. On this basis, the number of induced but curable 
cancers could be inferred from the recorded numbers of 
fatal induced cancers by conventional knowledge of the 
cure rate (or the 15-y recurrence-free survival rate) of can- 
; cers of the types, and in the proportions, found to be 
: induced by radiation. 

On this basis, the number of curable cancers esti¬ 
mated to be induced by (whole-body) radiation appears 
likely to be abou t twice the number of fatal cancers. This 
I imbalance in numbers is due largely to the inclusion of 
, skin cancers, for which the cure rate (of the types induced 
| by radiation) is very high, and the cure is ordinarily very 
simple, the detriment involved in occurrence and cure of 
I the cancer being, correspondingly small. Of the forms of 
| thyroid cancer found to be induced by radiation, the cure 
i rate is relatively high—probably in the region of 90%. 

! The detriment involved in cure in terms of symptoms, 

: operative trauma and any subsequent treatment is ordi¬ 
narily less than for cure' of most other cancers. 

For curable induced cancers as a whole, the detriment 
appears likely to be judged as substantial but as consid- 
| erably less than that from induced fatal cancers, taking 
| account of the relatively minor detriment involved in the 
cure of the majority of such cancers and the absence of a 
component of iiife-shortening in the group as a whole. A 
measure of detriment of 0.6 y per 1000 worker-y from 
| fatal cancers alone could be regarded as increased to 0.75 
1 y when including all cancer induction; or of 0.6 y or 0.9 
! y per 1000 worker-y in male and female sections of the 
workforce, respectively, taking account of the difference 
| in both fatal and curable breast cancers and, to a lesser 
extent, thyroid cancers. 

' Induction of inherited abnormalities 

Impairment of the whole life or of much of the life 
of descendants of those exposed to radiation involves quite 
different considerations from those associated with detri¬ 
ment in workers who are themselves occupationally ex- 
! posed. In terms of the amount of harm resulting from 
j any level of occupational exposure, however, and its as- 
! sessment in terms of years of detriment and disability, it 
is obviously relevant to include whatever evaluation is 
possible for the genetic effects of exposure in these terms. 

In this resi?ect, the more recent reports of the United 
Nations Scientific Committee on the Effects of Atomic 
! Radiation (UNSCEAR 1977, 1982) include estimates not 
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only of the frequencies with which different kinds of in¬ 
herited abnormality are likely to be induced by radiation 
but also of the average lengths of life that are likely to be 
unimpaired, substantially impaired, or lost through pre¬ 
mature death as a result of each type or group of inherited 
abnormalities. 

Given the amounts of genetically significant occu¬ 
pational exposure received at ages before the conception 
of children, therefore, some estimate can be made of the 
total subsequent years of impaired health and loss of life 
expectancy due to inherited diseases in ah progeny of those 
exposed. The “weighting” that would be given to such an 
estimate of the years of time loss in descendants, per 1000 
worker-y of exposure, will not necessarily be the same as 
the weight that is thought to apply to years of disease, or 
of life loss, in those who are themselves exposed. It is, 
however, important to take account of any such inherited 
consequence of occupational exposure and to assess it in 
the light of its magnitude. 

The genetic significance of any dose varies contin¬ 
uously with age as the probability of subsequent concep¬ 
tion of children decreases with age. As an adequate ap¬ 
proximation, it is sufficient to take as fully effective all 
gonad doses delivered before the mean age at conception 
of children, and as ineffective all such doses received sub¬ 
sequently. The mean ages at conception of children differ 
in different countries and differ substantially in men and 
women. Mean values in 41 countries are 30.6 (standard 
deviation [SD], 2.9) y in men and 25.9 (SD, 1.7) y in 
women (UN 1983, ICRP 1985, Table 21). The genetically 
significant proportion of any collective dose of occupa¬ 
tional exposure therefore varies strongly with the sex and 
age distribution of workers and with the age of initial ex¬ 
posure, particularly in women. This proportion varies 
from 0.15 to 0.35 in groups of occupations in the United 
States (ICRP 1985, Table 22). 

The detriment due to genetic defects induced in all 
generations subsequent to exposure was estimated by 
UNSCEAR as equivalent to 3.4 • 10” 4 y of life impaired, 
and 2.9 • 10' 4 of life expectancy lost, mSv -1 of genetically 
significant irradiation of a parent. In a wholly male work¬ 
force of 1000, therefore, with equal numbers from age 20 
to 65, with a mean age at conception of children of 30.6 
y, and with a uniform mean dose rate of 3 mSv y“* from 
age 20, the annual genetically significant dose to workers 
would be that to the (240) workers younger than the mean 
age of conceptions, or 720 mSv. With a severe detriment, 
totaling 6.3 • 10” 4 y mSv” ! , the inherited harm, as assessed 
on this basis, would contribute about 0.45 y of severe 
detriment per 1000 worker-y. For a female workforce, 
with a mean age at conceptions of about 26 years and 
with exposures equally from ages 20 to 65, the contri¬ 
bution would be about 0.25 y per 1000 worker-y. 

These examples are, of course, expressed with an ac¬ 
curacy which is ridiculous as compared with the precision 
of the risk estimates on which they are based, let alone 
with the variability in age structure of different industrial 
groups. They can, however, offer some comparison be¬ 
tween the carcinogenic risks to the individuals exposed 
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(of 0.6 and 0.9 y ]per 1000 worker-y in males and females) 
and the genetic risks to their descendants (of 0.45 and 
0.25 y in males and females per 1000 worker-y); and could 
stimulate the necessary consideration of the relative weight 
that might be pu t on detriments to health and life in the 
exposed individual or in his and her progeny. 

' Detriment due to exposure during pregnancies 

The detriment incurred as a result of exposures dur¬ 
ing pregnancies obviously depends on policies adopted 
: with regard to restriction or continuation of radiation ex¬ 
posures at work during different stages of pregnancies, as 
well as on the age and sex structure of a workforce and 
1 on the frequency with which pregnancies are undertaken 
by full- or part-time workers in radiation-related indus¬ 
tries. An upper limit to detriment can, however, be given 
if it is assumed that a worker does not restrict her preg- 
nancies and that, in a non-expanding population, she will 
! have, on average, two pregnancies during a period of em- 
• ployment startin g at age 20; and that she works at constant 
dose rate throughout the whole of these pregnancies. 

: On this basis, one in 30 of all female workers would 

! be pregnant at any one time, if there were equal numbers 
of women at all ages. However, as based on an actual age 
; distribution of all women at work in England and Wales 
(U.K. Department of Health and Social Services 1970)— 
with 50% of the employed population younger than 30— 
this chance of a pregnancy being present in a member of 
the female workforce whether currently at work or not 
would be greater, ivith a probability of about 0.065 (ICRP 
1977). 

The likelihood that any form of harm might result 
from exposure of the developing child to low doses will 
depend upon the length of exposure time during preg¬ 
nancy, and hence the size of dose received while the con- 
ceptus is sensitive to induction of that form of damage, 
and the probability per unit dose of inducing such damage 
during that time. For the induction of cancers which 
would occur during childhood or of harmful mutations 
in the developing gonads, which would be expressed in 
later generations, Ihe period at risk corresponds to all or 
most of the pre^^nancy, although the risk per unit dose 
delivered during tins period is likely to low, on the order 
of l or 2 • 1CT 5 mSv~ l in each case. For pre-implantation 
death of the conceptus, the risk per unit dose may be 
higher, as judged by findings in rodents, but the period 
of sensitivity, and hence the likely dose, is considerably 
shorter. For the one form of developmental defect which 
may be induced by low doses without threshold (namely, 
severe mental retardation), the induction risk has been 
estimated to be about 4* 10" 4 mSv -1 during an 8-wk pe¬ 
riod in pregnancy (Otalce and Schull 1984). 

Each of these forms of harm that may be caused by 
exposures of the conceptus has serious and, effectively, 
lifelong effects in the child or prolonged effects in genet¬ 
ically affected descendants. The total detriment, expressed 
in terms of lengths of life lost or of life seriously impaired, 
would amount to about 1.5 y per 1000 female worker-y 
exposed throughout all pregnancies at 3 mSv y” 1 (and 


with a potential probability of a pregnancy of 0.065). Of 
this value, about 60% would be attributable to the devel¬ 
opmental damage resulting in serious mental retardation, 
if this effect is in fact induced without threshold, although 
the epidemiological evidence does not exclude a threshold 
of some tens of millisieverts. Pre-implantation deaths and 
induced fatal cancers would each account for about 20% 
of the total estimate. 


CONCLUSIONS 

It should be emphasized that no simple catalogue of 
the frequency of different kinds of occupational injuries 
or diseases is sufficient in itself to define the relative levels 
of safety or risk of different industries, or the safety that 
they are judged to have by workers, by the public or by 
governments. Still less can any summation of years of 
detriment to health or loss of life give such a comparison, 
unless an appropriate weight is attached to years of dif¬ 
ferent kinds or severities of detriment and probably to 
other factors such as the ages at which the years of detri¬ 
ment occur, and their occurrence in the exposed worker 
or in his immediate or remote descendants. 

A merit of any attempt to formulate a unified index 
of total harm, however, is that it should provoke just such 
an evaluation of the importance that is attached to the 
different disabilities that contribute to occupational risks. 
And it will be a more considered evaluation than is ob¬ 
tainable if comparisons are based only on the kinds of 
effect which may be caused, regardless of the frequency 
with which they occur. Certainly the future evaluation of 
radiation protection criteria should take account of all the 
various forms of harm that may be caused by exposure 
to low doses, their relative frequencies, and the importance 
that is attached to their occurrences. 

The same need for some unified estimate of the im¬ 
pact of different kinds of harm will be increasingly needed 
in work that necessarily involves some exposure to other 
potentially carcinogenic and mutagenic agents for which 
no entirely safe threshold can be assumed, as may apply 
in the case of asbestos and various chemical substances. 
A similar informed perspective on the relative risks of 
different agents and environmental conditions is equally 
or more urgently needed in regard to different sources 
and circumstances of public exposure. 

Meanwhile, however, the present analysis, although 
obviously crude and capable of much improvement, does 
suggest the possibility of developing useful intercompar¬ 
isons between dissimilar industrial risks. For example, the 
detriment associated with an occupational exposure rate 
of 3 mSv y” 1 might appropriately be regarded as com¬ 
parable in safety, as judged by periods of health and life 
lost, with conditions in an industry with a fatal accident 
rate of 3 per 100,000 workers at risk. In the case of male 
workers, the detriment is even less, as illustrated in the 
index of harm given below for an industry with a fatal 
accident rate of 3*10 -5 y _1 , and at a radiation dose rate 
of3mSvy _i : 
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Years of health impaired or life lost per 10 3 worker-y 


From injuries 


2.2 

From radiation 

Males 

Females 

By cancer induction 

0.6 

0.9 

By generic effects 

0.45 

0.3 

During pregnancy 

— 

<1.0 


Currently, in the majority of all occupations recorded 
in the United States and the United Kingdom (Kumazawa 
et al. 1984, Hughes and Roberts 1984) and in 14 occu¬ 
pational groups reported by UNSCEAR (1982), dose rates 
are less than 3 mSv y~ ! , although those in some forms of 
mining may reach about 10 times this rate. The mean 
rate for all potentially exposed workers in the United States 
was 1.1 mSv y~ l (ICRP 1985). Similarly, the annual ac¬ 
cidental death rate at work varies very widely in different 
industries (and countries) from less than 1 to over 100 
per 100,000 at risk (ICRP 1985, Table 2). Manufacturing 
industries had an annual accidental death rate per 100,000 
workers of 12.5 during the 1970s (ILO 1980) as the median 
value from 51 countries. More recently, 7.6 was the me¬ 
dian (or 2.9 as the lower 25-percentile) of different man¬ 
ufacturing industries in eight highly industrialized coun¬ 
tries (ICRP 1985, Table 7). 
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Any intercomparisons of risk should also take into 
account the rate at which the various risks are being re¬ 
duced. In 40 occupational groups for which rates are 
available over a number of years (ICRP 1985, Tables 28A- 
C), the recorded dose rates have been decreasing by a 
mean of 6.4% y" ■ 1 (SE, 1.1). This rate of decrease in annual 
dose (and, therefore, of effective radiation risk) is some¬ 
what faster than that of fatal accident rates at work, as 
recorded in 20 industrial groups in North America, Eu¬ 
rope and Japan, for which the mean percentage rate of 
fall was 3.3% y~‘ (SE, 0.4) (ICRP 1985, Table 8A). 

Any purely numerical comparison or summation of 
dissimilar kinds of risk must necessarily be artificial to a 
great extent. Certainly, however, a sound perception of 
industrial risks must depend upon an adequate quanti¬ 
tative assessment of the size of all major components of 
these risks, whether of trauma, disease or hereditary effects, 
as well as on the more subjective assessment of their rel¬ 
ative importance, not only to the worker, but also to the 
family and to the community. It should be a proper func¬ 
tion of radiation protection to provide a realistic and 
comprehensive assessment of all significant aspects of the 
safety or risk of different occupations, and of different 
circumstances of routine or accidental exposure, and to 
present these assessments explicitly and quantitatively in 
the general context of the more familiar hazards of all 
other industrial activities. 
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Too Many Rodent 
Carcinogens: 
Mitogenesis Increases 
Mutagenesis 

Bruce N. Ames* and Lois Swirsky Gold 

A clarificsation of the mechanism of carcinogenesis 
is developing at a rapid rate* This new understanding 
undermines many assumptions of current regulatory policy 
toward rodent carcinogens and necessitates rethinking the utility 
and meaning of routine animal cancer tests. At a recent watershed 
meeting on carcinogenesis, much evidence was presented suggesting 
that mitogenesis (induced cell division) plays a dominant role in 
carcinogenesis (1). The work of Cohen and Eliwein in this issue (2) 

; is illustrative. Our own rethinking of mechanism was prompted by 
! our findings that: (i) spontaneous DNA damage caused by endoge¬ 
nous oxidants f s remarkably frequent (3) and (ii) in chronic testing 
at the maximum tolerated dose (MTD), more than half of all 
chemicals tested (both natural and synthetic) are carcinogens in 
rodents, and a high percentage of these carcinogens are not muta¬ 
gens (4). 

| Mitogenesis incniases mutagenesis . Many “promoters” of carcinogene¬ 

sis have been desmbed and have been thought to increase mitogene¬ 
sis or selective growth of prcncoplastic cells, or both. The concept of 
| promotion, however, has been fuzzy compared to the clearer 
understanding of the role of mutagenesis in carcinogenesis. The idea 
I that mitogenesis increases mutagenesis helps to explain promotion 
and other aspect; of carcinogenesis (2, 5). 

A dividing otil is much more at risk of mutating than a quiescent 
cell (4). Mutagei«s are often thought to be only exogenous agents, 
but endogenous mutagens cause massive DNA damage (by forma¬ 
tion of oxidative and other adducts) that can be converted to stable 
mutations during cell division. We estimate that the DNA hits per 
cell per day from endogenous oxidants are normally ~10 5 in the rat 
and ~10 4 in the human (3). This promutagenic damage is effectively 
; but not perfectly repaired; for example, the normal steady-state level 
of 8-hydroxydeo:cyguanosine (1 of about 20 known oxidative DNA 
! adducts) in rat DNA has been measured as 1 per 130,000 bases, or 
■ about 47,000 per cell (3). We have argued that this oxidative DNA 
damage is a major contributor to aging and to the degenerative 
diseases associated with aging, such as cancer. Thus, any agent 
, causing chronic mitogenesis can be indirectly mutagenic (and 
! consequently carcinogenic) because it increases the probability of 
j converting endogenous DNA damage into mutations. Nongeno- 
toxic agents [for example, saccharin (2)] can be carcinogens at high 

j_ 
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doses just by causing chronic mitogenesis and inflammation, and the 
dose response would be expected to show a threshold. Genotoxic 
chemicals [for example, N-2-fluorenylacetamide (2-AAF) (2)] are 
even more effective than nongenotoxic chemicals at causing mito¬ 
genesis at high doses (as a result of cell killing and cell replacement). 
Since genotoxic chemicals also act as mutagens, they can produce a 
multiplicative interaction not found at low doses, leading to an 
upward curving dose response for carcinogenicity. Furthermore, 
endogenous rates of DNA damage are so high that it may be 
difficult for exogenous mutagens to increase them significantly at 
low doses that do not increase mitogenesis. Therefore, mitogenesis, 
which can be increased by high doses of chemicals, is indirectly 
mutagenic, and seems to explain much of carcinogenesis (f, 4, 5). 
Nevertheless, the potent mutagen 2-AAF (3) induces liver tumors at 
moderate doses in the presence of only background rates of mito¬ 
genesis. Detailed studies of mechanism, particularly in the case of 
apparent exceptions, are critically important. 

Causes of human cancer . Henderson and co-workers (6), and others 
(4), have discussed the importance of chronic mitogenesis for many, 
if not most, of the known causes of human cancer, for example, the 
importance of hormones in breast cancer, hepatitis B (7) or C 
viruses or alcohol in liver cancer, high salt or Helicobacter ( Campylo¬ 
bacter ) infection in stomach cancer, papilloma virus in cervical 
cancer, asbestos or tobacco smoke in lung cancer, and excess animal 
fat and low calcium in colon cancer. For chemical carcinogens 
associated with occupational' cancer, worker exposure has been 
primarily at high, near-toxic doses that might be expected to induce 
mitogenesis. 

Epidemiologists are frequently discovering clues about the causes 
of human cancer, and their hypotheses are then refined by animal 
and metabolic studies. During die next decade, it appears likely that 
this approach will lead to an understanding of the causes of the 
major human cancers ( 8 ). Cancer clusters in small areas are expected 
to be common by chance alone, and epidemiology lacks the power 
to establish causality in these cases (9). It is important to show that 
pollution exposure that purportedly causes a cancer cluster is 
significandy higher than the- background of exposures to naturally 
occurring rodent carcinogens (4). 

Causes of cancer in animal tests. Animal cancer tests are conducted at 
near toxic doses (the maximum tolerated dose, MTD) of the test 
chemical, for long periods of time, which can cause chronic mito¬ 
genesis (1). Chronic dosing at the MTD can be thought of as a 
chronic wounding, which is known to be both a promoter of 
carcinogenesis in animals and a risk factor for cancer in humans. 
Thus, a high percentage of all chemicals might be expected to be 
carcinogenic at chronic, near toxic doses and this is exactly what is 
found. About half of all chemicals tested chronically at the MTD are 
carcinogens (4). 

Synthetic chemicals account for 82% (350/427) of the chemicals 
adequately tested in both rats and mice (4). Despite the fact that 
humans eat vastly more natural than synthetic chemicals, the world 
of natural chemicals has never been tested systematically. Of the 
natural chemicals tested, approximately half (37/77) are carcino¬ 
gens, which is approximately the same as has been found for 
synthetic chemicals (212/350). It is unlikely that the high propor¬ 
tion of carcinogens in rodent studies is due simply to selection of 
suspicious chemical structures; most chemicals were selected because 
of their use as industrial compounds, pesticides, drugs, or food 
additives. 

The human diet consists of thousands of natural pesticides 
(chemicals that plants produce to defend themselves) (4); we 
calculate that 99.99% (by weight) of the pesticides in our diet are 
natural. Of the natural pesticides that have been tested in at least one 
rodent species, about half (27/52) are rodent carcinogens. These 27 
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occur commonly in plant foods (10). We estimate that the average 
intake of thee pesticides is about 1500 mg per person per day (4). 
By comparison, the average intake per day of residues of 100 
synthetic pesticides is 0.09 mg per person per day (4). In addition, 
of the mold toxins tested at the MTD (including aflatoxin), 11 out 
of 16 are rodent carcinogens. 

The cooking of food produces thousands of pyrolysis products, 
and we estimate that dietary intake of these products is roughly 
2000 mg pet person per day. Few of these have been tested; for 
example, of 826 volatile chemicals that have been identified in 
roasted coffee, only 21 have been tested chronically, and 16 are 
rodent carcinogens; caffeic aid, a non-volatile carcinogen, is also 
present A cup of coffee contains at least 10 mg (40 ppm) of rodent 
carcinogens (mostly caffeic add, catechol, furfural, hydrogen perox¬ 
ide, and hydroquinone) (4). Thus, very low exposures to pestiride 
residues or other synthetic chemicals should be compared to the 
enormous background of natural substances. 

In the evolutionary war between plants and animals, animals have 
developed layers of general defenses, almost all indudblc, against 
toxic chenf als (4). This means that humans are well buffered 
against toxfdty at low doses from both man-made and natural 
chemicals. Given the high proportion of carcinogens among those 
natural chemicals tested, human exposure to rodent carcinogens is 
far more common than generally thought; however, at the low doses 
of most human exposures (where cell-killing and mitogenesis do not 
occur), the hazards may be much lower than is commonly assumed 
and often will be zero (4). Thus, without studies of the mechanism 
of carcinogenesis, the fret that a chemical is a carcinogen at the 
MTD in rodents provides no information about low-dose risk to 
humans. 

Trade-offs . Pestiride residues (or water pollution) must be put in 
the context of the enormous background of natural substances, and 
there is no convincing evidence from dther epidemiology or 
toxicology tha t they are of interest as causes of human cancer (4, 9). 
Minimizing pollution is a separate issue, and is dearly desirable for 
reasons other than effects on public health. Efforts to regulate 
synthetic pestiddes or other synthetic chemicals at the parts per 
billion level b ecause these chemicals are rodent carcinogens must 
include an understanding of the economic and health-related trade¬ 
offs. For example, synthetic pestiddes have markedly lowered the 
cost of food from plant sources, thus encouraging increased con¬ 
sumption. Increased consumption of fruits and vegetables, along 
with decreaiied consumption of fat, may be the best way to lower 
risks of cancer and heart disease, other than giving up smoking. 
Also, some of the vitamins, antioxidants, and fiber found in many 
plant foods are anticardnogenic. 

The control of the , major cancer risks that have been reliably 
identified should be a major focus, and attention should not be 


diverted from these major causes by a succession of highly publi¬ 
cized scares about low levels of synthetic chemicals that may be of 
little or no importance as causes of human disease. Moreover, we 
must increase research to identify more major cancer risks, and to 
better understand the hormonal determinants of breast cancer, the 
viral determinants of cervical cancer, and the dietary determinants of 
stomach and colon cancer. In this context, the most important 
contribution that animal studies can offer is insight into carcinogen¬ 
esis mechanisms and into the complex natural world in which we 
live. 
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grant CA39910, by National Institute of Environmental Health Sciences Center 
grant ES01896 and by DOE Contract DE-AC03-76SF00098. Wc thank M. 
Profet, S. Linn, B. Butterworth, and R. Pcto for criticisms. 
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Has risk assessment become 
too “conservative”? 


From: RESOURCES, No. 96 (Summer, 

1989). Resources for the Future. 


Adam M. Finkel 


Momentum is gathering to support the 
view that risk assessment , especially of 
carcinogens , tends to be skewed toward 
overestimating risks . Perhaps influ¬ 
enced by these arguments against over¬ 
caution , the Environmental Protection 
Agency has begun to reevaluate some of 
its procedures and lower some risk 
estimates . Adam Finkel of the Center 
for Risk Management cautions against 
hasty changes and calls for preserving 
the virtues of both good science and 
prudence . 

Q uantitative risk assessment 
; (QRA) is a science and an in¬ 
dustry, and “risk numbers” 
are both its language and its 
currency. These numerical predictions of 
how many persons will suffer disease or 
death because of environmental expo¬ 
sure, or of the probability that an average 
person or a particular individual will suc¬ 
cumb, now lie at the heart of environmen¬ 
tal health regulation, particularly when it 
involves carcinogenic substances. 

The recent controversy over damin- 
ozide (Alar) in apples, for example, cen¬ 
tered around estimates generated by the 
Natural Resources Defense Council 
(NRDC) lhat as many as 5,300 of the 
current group of 22 million preschool 
children in the United States may contract 
cancer during their lifetime as a result of 
childhood exposure to Alar. This repre¬ 
sents an estimated increase of 1 chance in 
4,200 (above the background probability 
we all have of getting cancer) that Alar 
will cause cancer in a typical child. The 
NRDC also estimates that about 5 percent 
of preschool children ingest substantially 
more food containing Alar than the aver¬ 
age child, and that these children face 
excess cancer risks approaching 1 in 
1 , 000 . 

Experts and laypeople alike tend to ask 
two very different kinds of questions 


when confronted with numbers like these. 
One set of questions involves ethical 
judgments about the acceptability of the 
stated risks; the debate over whether a risk 
of (say) 1 in 4,200 is too high will depend 
on personal and group judgments. These 
judgments concern the voluntariness of 
the risk, the magnitude of the probability 
(perhaps in relation to other environ¬ 
mental, occupational, or lifestyle risks we 
are more familiar with), the costs of elimi¬ 
nating or reducing the risk, and the real or 
perceived benefits of the risky product or 
activity. This acceptable-risk issue pits 
those who argue that no involuntary risk 
is acceptable if it can readily be reduced 
further against those who believe our 
society has become preoccupied with 
trivially small dangers. This is a vigorous 
debate, with divergent views expressed 
both within the expert community and the 
general public as well as between these 
two groups. 

The other set of questions has to do with 
the believability of the estimates them¬ 
selves. In contrast to the controversy over 
acceptable risk, the debate over whether 
risk numbers are credible has begun to 
resolve itself, at least among practitioners 
and expert observers of QRA. The gen¬ 
eral reader may be surprised that this 
group tentatively has concluded that risk 
numbers generally are not credible. The 
conventional wisdom of the experts is that 
these numbers are systematically skewed 
in the direction of overestimating risk, 
because the process used is in danger of 
being so “conservative”—so overly cau¬ 
tious—as to be a caricature of itself. 

The intellectual and regulatory mo¬ 
mentum is clearly on the side of the 
“revisionist” position, which seeks to 
replace conservative procedures because 
the status quo is allegedly causing alarm¬ 
ist and counterproductive reactions. The 
lack of resistance to some of these 
changes reflects the compelling evidence 
supporting some revisions, the fact that 


the public may not be aware that subtle 
but accelerating changes are under way in 
QRA, and perhaps simply the natural 
swing of the pendulum in such matters. In 
my view, however, the rush to eschew 
conservatism is fueled in part by an un¬ 
critical acceptance of a set of flawed as¬ 
sumptions about QRA, so the pendulum 
swing may itself be counterproductive. I 
wish to offer a note of caution against 
hasty or piecemeal changes, and to sug¬ 
gest a new approach that may preserve the 
virtues of both good science and pru¬ 
dence. 

The case against conservatism 

The fundamental logical flaw of con¬ 
servatism is that it can compromise our 
ability to make clear choices and set ra¬ 
tional priorities. The strongest critics of 
conservatism view this distortion in the 
broadest possible terms; conservatism, 
they say, artificially inflates the relative 
importance of all proposed measures to 
reduce health and environmental risks. 
Some revisionists simply do not believe 
that the hazards of industrial pollution are 
as dire as the standard QRA procedures 
imply. But arguments that focus on the 
need to reduce existing risk numbers and 
redress the balance between risk and cost 
probably exacerbate the tension between 
the experts and the public, and may back¬ 
fire. After all, a “realistic” toll of530 extra 
deaths from Alar (if revision caused a 
lowering of this risk number by a factor of 
10) might be no more acceptable to the 
public than a cautious estimate of 5,300 
fatalities. 

Therefore, a more reasoned and per¬ 
haps ultimately more successful argu¬ 
ment against conservatism is that it cre¬ 
ates imperceptible distortions among dif¬ 
ferent risks, which we cannot redress 
simply by paying less attention to cancer 
risk reduction (or by agreeing that we are 
spending about the right amount even 
though we have exaggerated the size of 
the risks). The insidious aspect of consis¬ 
tently analyzing the “worst case” is that 
some cases are simply “worse” than oth¬ 
ers, in the sense of being less plausible or 
less likely to occur. For instance,. one 
typical conservative shortcut is to assume 
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Table 1. Some Potentially “Conservative” Assumptions and Alternatives 
Commonly Used in QRA 

Assumption 

Possible alternative 

Dose-response function is linear, so slope at 
low doses ecuals that at high doses 

Fit “sublinear” or threshold function to ob¬ 
served data 

Response of most sensitive rodent species/ 
sex tested predicts human risk 

Pool the responses of all rodent groups 
tested 

All rodent tumors are predictive of human 
cancer risk 

Discard data involving tumor sites and/or 
mechanisms that do not exist in humans 

"Maximally exposed individual” (ME!) lives 
at plant or site boundary 

Obtain case-specific data on MEI 

MEI’s exposure is determined by upper- 
bound values of human uptake parameters 
. (for example, breathing rate, water inges¬ 
tion) 

Use uptake parameters that represent the 
“average” human 

Concentration for all “not detected” samples 
is set as if it were just below the limit of 
detection 

Assume these represent instances of zero 
concentration 


that the most highly exposed individual 
; near a chemical plant or a hazardous 
waste site lives at the property boundary, 
and that he or she is downwind of the 
pollutant source 24 hours a day. In some 
i cases, the resulting risk estimate will be 
quite conservative, if no one actually lives 
neartheboundaryorinthedirectionofthe 
| prevailing winds. In other instances, the 
estimate may be nearly correct. If the 
| cancer risk estimate cited for the former 
situation was 1 in 10,000, and the estimate 

for the latter w as 1 in 100,000, the former 

| ’ ; 

would seem more risky even though 
; (unknown to the investigator) this esti¬ 
mate was less credible than its counter¬ 
part. 

I • 

| ; 

Steps toward revisionism 

Perhaps influenced by these arguments 
against conservatism, the U.S. Environ¬ 
mental Protection Agency (EPA) has 
s recently begun to reconsider some of the 
official risk estimates* it developed in 
earlier years. To date, all of the proposed 
reevaluations' have resulted in lowered 
i risk numbers, generally by about a factor 
of 10.The most noteworthy of these cases 
! involve methylene chloride (a solvent 
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used, among other things, to decaffeinate 
coffee), arsenic, and TCDD, also known 
as dioxin. 

Potentially more farreaching than these 
ad hoc changes in specific risk assess¬ 
ments is EPA’s September 1988 decision 
to rewrite its influential series of guide¬ 
lines for quantitative risk assessment, 
which had been published in 1986. These 
guidelines determine which assumptions 
should be used under various circum¬ 
stances, and indicate in general terms 
when professional judgment should sup¬ 
plant formulaic procedures. Although it is 
too early to tell specifically how the new 
guidelines will reflect what has been 
called the new era of post-conservative 
risk assessments, they may encourage the 
use of alternatives (see table 1). 

Conservatism in perspective 

A number of pervasive misperceptions 
about conservatism cloud the issue of 
whether risk numbers are credible and 
QRA procedures are reasonable. The fol¬ 
lowing points refute three of the broad 
categories of misperceptions. 

Existing procedures are not so unscien¬ 
tific or unreasonable. Critics tend to 


malign different kinds of conservative as¬ 
sumptions with the same broad brush, 
failing to distinguish those that are gratui¬ 
tous from those dictated by prudence or 
common sense. For instance, in contrast 
to the use of simplistic worst-case as¬ 
sumptions about exposure that could 
readily be refuted by reliable data, the 
commonly criticized use of the upper 
confidence limit when fitting a dose-re¬ 
sponse curve to animal data is a caution¬ 
ary step of a quite different variety. This 
procedure recognizes that as we learn 
more about cancer potency, the truth may 
well fail to converge toward a lower re¬ 
sult. To put it another way, suppose the 
owner of a baseball team approached one 
of his star players four days into the sea¬ 
son and asked him to take a pay cut on the 
grounds that he was batting .050 at the 
time. The player would doubtless argue 
that he has always had about a 1 in 3 
chance of getting a hit each time at bat, 
and that his current l-for-20 string is too 
scanty a basis for claiming that that under¬ 
lying probability has changed at all. By 
the same token, observing 5 tumors in a 
group of 50 rats does imply that each rat 
had about a 1 in 10 chance of getting 
cancer at that dose, but is only weak 
evidence against the more prudent as¬ 
sumption that the probability might be 
several times larger. 

In addition, it is easy to carp about 
possible errors of commission in the QRA 
process without acknowledging that vari¬ 
ous errors of omission may make risk 
estimates more “nonconservative” for all 
or part of the human population. Of most 
significance, risk assessments commonly 
fail to account for the often-dominant 
indirect exposures (such as inhaling or¬ 
ganic compounds that volatilize from hot 
tap water during showering and bathing) 
and for the likelihood that individual 
humans differ widely in their inherent 
susceptibility to carcinogenic stimuli (we 
currently assume that all humans are as 
homogeneous in their responses as are the 
inbred strains of rodents we test in con¬ 
trolled environments). Thus, the current 
mix of assumptions may contain certain 
margins of safety necessary to account for 
our inability to fully flesh out important 
considerations. 
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Beyond that, the common characteriza¬ 
tion of QRA as a“cascade” of conserva¬ 
tive steps that yields progressively more 
unbelievable estimates may confuse is¬ 
sues of probability and magnitude. It is 
true that if one multiplies five estimates 
that each h ave only a 5 percent probability 
of being underestimates, the product will 
have much less than a 5 percent chance of 
being too low. However, many of the 
individual uncertainties in risk analysis 
are right-skewed; that is, the highest pos¬ 
sible values in the “tail” are much greater 
in absolute terms than the more central 
values. The fact that extreme values are 
unlikely to occur becomes less and less 
important as the consequences of those 
values being true become greater. For 
example, the average indoor radon level 
in a sample of5,000 homes in Pennsylva¬ 
nia was about 10 picocuries per liter 
(pCi/1) even though a randomly selected 
house had only about a 20 percent chance 
of containing more than 10 pCi/1. Deci¬ 
sion makers and the public need to con¬ 
sider that while it is easy to ridicule a risk 
estimate for being exaggerated (in the 
sense of unlikely to be too low), such 
estimates may be more reasonable than 
less cautious ones. 

Data do exist to validate some existing 
numbers and procedures. Critics of 
conservatism sometimes fail to acknowl¬ 
edge that evidence exists to support the 
“reality con tent” of risk assessment pro¬ 
cedures or of the risk numbers them¬ 
selves. For example, researchers at the 
Harvard School of Public Health recently 
concluded that on average, the linear 
dose-response function is not unduly 
conservative; for many chemicals, the 
best-fitting curve was in fact steeper at 
low doses than at higher ones. Similar 
challenges to the notion that the current 
estimates are systematically conservative 
come from recent studies of the disper¬ 
sion models used to predict the movement 
of pollutants in air and water, which have 
shown that the models often underpredict 
actual concentrations, especially when 
the terrain o r atmospheric environment is 
complicated. 

The mosr. direct “reality check” on 
QRA involves comparing the predictions 
of animal extrapolation to the actual can¬ 


cer toll among humans exposed to known 
levels of a particular substance. Such a 
comparison can only be made for about 
two dozen substances (for example, ciga¬ 
rette smoke, vinyl chloride, and chro¬ 
mium) where both human and animal data 
on exposures and tumors are reasonably 
reliable. The basis for generalization is 
therefore limited, and the human potency 
estimates may be nonconservative (they 
generally come from data on small groups 
of relatively healthy workers). However, 
one research group recently found that, on 
average, conservative extrapolation pro¬ 
cedures yield estimates of human cancer 
potency that agree fairly well with the 
actual potencies observed in epidemio¬ 
logic studies. 

Alternative methods may substitute one 
set of flaws for another. The prospect of 
replacing conservative assumptions with 
“best estimates” of actual risk may be no 
less problematic than the status quo. Al¬ 
though conservative estimates have been 
widely derided as “policy choices mas¬ 
querading as scientific facts,” central or 
average estimates themselves embody 
subtle value judgments regarding the 
implicit social costs of erring on the high 
or low sides. In this respect, best estimates 
are no better than conservative ones, 
which simply strike this balance more in 
favor of caution about underestimation, 
and may reflect a desire to minimize large 
absolute errors of underestimation. In 
addition, while it is desirable to reduce the 
ambiguity about how conservative esti¬ 
mates of different risks are, one can show 
that errors in ranking uncertain risks are 
also endemic even when best estimates 
are consistently used. 

Reframing the question 

Many of the problems engendered by 
the use of conservative risk numbers (as 
well as their “real” counterparts) can be 
overcome by one deceptively simple 
step—abandoning the quest for single 
estimates of risk in favor of quantitative 
descriptions of the uncertainty surround¬ 
ing these numbers. Such descriptions, 
which would take into account random 
and systematic sources of uncertainty in 
potency, exposure, and uptake, would 


reveal all of the possible true values of 
risk and the likelihood associated with 
each. 

If uncertainty analyses became routine, 
we could move beyond the narrow debate 
over whether the estimates were too high 
or too low and could instead choose the 
degree of conservatism explicitly and 
with appreciation of the scientific nu¬ 
ances and societal value judgments 
specific to each case. For example, re¬ 
searchers from the National Institute of 
Environmental Health Sciences recently 
conducted an uncertainty analysis show¬ 
ing that if the EPA wanted to retain an es¬ 
timate of methylene chloride’s potency 
that was a 95th-percentile conservative 
estimate, it might well have raised the of¬ 
ficial estimate by a factor of 1.5 (rather 
than lowering it by a factor of 9, as was 
done). 

Quantitative uncertainty analyses can 
also facilitate dialogue between risk man¬ 
agers and the public concerning how 
much society is willing to pay to reduce 
the possibility of particular levels of 
harm, and can help regulators perceive 
which uncertainties are dominant and 
thereby set strategies for research. All of 
these benefits come at a price, however. 
Uncertainty analyses are expensive to 
conduct, sometimes difficult to explain, 
amenable to subtle manipulation by inter¬ 
ested parties, and may be foreboding in 
that they reveal how little the experts 
actually know about the likelihood of 
different levels of harm. Nevertheless, 
the real challenge of QRA in the next 
decade will be to recognize that while ac¬ 
knowledging uncertainty may be as diffi¬ 
cult as stepping out of one’s own shadow, 
only through the attempt can we discern 
from what direction the shadows are cast 
and in which directions to move so that 
they might ebb. ■ 


Adam M . Finkel is a fellow in the Center 
for Risk Management at RFF . This article 
is adapted from a paper in the Spring 
1989 issue of the Columbia Journal of 
Environmental Law. 
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Health and Safety Risk Analyses: 
Information for Better Decisions 

Lester B. Lave 


Knowing die nature and magnitude of health and safety 
risks is helpful in setting priorities as well as in making 
decisions about pursuing recreational activities, foods, 
jobs, and other aspects of everyday living. “Risk-risk” 
situations require a choice among risky alternatives. 
“How safe” situations involve a more general choice as to 
how much of other desired activities to sacrifice for 
increased safety. “How safe” situations are inherently 
more diffialit to manage, because they are subject to fuzzy 
thinking and rhetoric. The large uncertainties of current 
estimates m.ust be conveyed explicitly to arrive at sensible 
decisions. 


W HAT WOULD YOU DO, IN THE FOLLOWING SITUATIONS: 

(i) You have a partially blocked coronary artery that can 
be treated by bypass surgery or medication. Although 
there is a chance of dying during surgery, if you survive you can 
expea less pain and a more active life than from medication, (ii) 
Your neighborhood school contains asbestos materials. School 
officials can ignore the problem or pay for the removal of the 
asbestos with funds from educational programs or a special property 
tax. 

These two situations exemplify the types of health and safety 
hazards that all of us face (7). Intelligent decisions are needed on 
which potential hazards to ignore and how much risk reduction to 
seek. These decisions require information about the nature and 
probability of the hazard, how the risk is perceived, and safety goals. 

The available data and tools to provide this information are 
replete with uncertainty, which complicates the decision process and 
occasionally negates the value of an analysis. The hard choices are 
clothed in uncertainty and confecting goals. People feel deeply 
about heal til and safety issues but become uncomfortable when 
thinking about situations that involve danger to their children or to 
themselves. 

The coronaiy heart disease situation has risks and benefits associ¬ 
ated with both choices. With such “risk-risk” situations, a person 
must seica the better alternative (2). For the asbestos situation, the 
probability of cancer can be lowered, but only by giving up other 
desired services or activities. In such “how safe is safe enough” 
situations, society must decide how much should be sacrificed to 
reduce risk. Each successive reduction in risk generally achieves a bit 
less and costs a little more, such as when reducing the levels of trace 
carcinogens in drinking water (3). 

Despite die inevitable uncertainties, risk analysis has much to 


The author is James Higgins Professor of Economics, Camegie-Mellon University, 
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contribute to risk management. Risk analysis helps identify signifi¬ 
cant hazards, stimulates basic research, and spotlights the need to 
agree on health goals and priorities. In tile past decade risk 
quantification has challenged much of the conventional wisdom 
about the safety of our technologies and the efficacy of particular 
interventions. 


Risk Analysis in Medical Decision-Making 

Progress in science enhances understanding of the possible 
sources of harm and allows quantification of the probabilities, at 
least crudely. For example, one to two patients out of 100 die during 
bypass surgery (• 4 ). This datum simplifies the “risk-risk” situation for 
many people who would regard this probability as small in compari¬ 
son with other dangers in this situation. But some individuals are at 
extraordinary risk. The tabulated frequency of deaths is the accumu¬ 
lated experience from many surgeons, hospitals, and patients of 
diverse charaaeristics. The chance of death during surgery would be 
much less for a 40-year-old in good physical condition with no other 
medical problems than for an 80-year-old with severe deterioration 
of the heart muscle and an inexperienced surgeon. 

An individual’s perception of the value of outcomes and desire for 
certainty are important determinants in the decision (5). A sports 
enthusiast might regard medical treatment of coronary heart disease 
as useless. Someone afraid of “dying on the table” might elea 
medical treatment instead of surgery. A patient without insurance 
would see the large costs associated with surgery. Even the way the 
outcomes are described, whether in terms of probability of dying or 
probability of survival, is likely to affea the choice of treatment (6). 
There is no single optimal decision for all people. 

The key issues in medical decision-making are the extent and 
quality of information about the outcomes of alternative interven¬ 
tions, the incentives influencing the ill person and those treating 
him, and the preferences of those involved (7). Occasionally, 
decisions are as simple as treating a broken bone: information is 
good, treatment is beneficial and carries few complications, and 
there is a dominant decision. More generally, getting the right 
information is difficult or impossible. For example, a specialist in 
one mode of treatment finds it difficult to be neutral in offering 
advice because of his confidence in his skill and approach, his 
unfamiliarity with other approaches, and the financial incentive. 
Even the best available data bristle with snares. For example, 
cigarette smoking is the most important public health issue. Yet 
there is no confident answer to individuals who ask about their risk 
from smoking. Even a more-than-two-pack-a-day smoker has only a 
15.6% chance of dying of a smoking-related disease before age 65 
(36.4% before age 85); thus, some individuals, for genetic or other 
reasons, arc more susceptible than others (8). 

Risk analysis has enlightened decision-making in two ways. First 
it has allowed quantification of the chances of adverse outcomes 
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more precisely as well as of the quality of life and life expectancy 
implications of alternative modes of treatment. Second, it promotes 
the evaluation of treatment modes and individual performers. Many 
treatment modes have been found to be without efficacy, for 
example, routine removal of tonsils or radical mastectomies (7); 
some hospitals or surgeons have relatively poor outcomes, such as 
surgeons doing only a few coronary bypass operations each year (4). 

Risk estimate are even more important in evaluating screening 
and preventive care, since individuals are counselled to seek these 
services (P). For this counsel to be ethical, not only must the action 
not be harmful, it must have a reasonable chance of benefiting the 
person. For exiunple, on average 7.58% of U.S. women contract 
breast cancer. Early detection (through screening by physical exami¬ 
nation plus x-ray) and treatment was found to decrease breast cancer 
mortality 40% (10). However, the screening is not an unalloyed, 
benefit since a single mammogram in a 35-year-old woman involv¬ 
ing a dose of 1 rad would increase the chance of cancer to between 
7.59 and 7.61%. For annual examinations, the chance of cancer 
would rise to between 7.90 and 8.25%. Thus, mammography can 
have an appreciable risk. Screening at an earlier age or more 
examinations would increase the chance of radiogenic cancer, while 
offering diminishing incremental benefit in detecting disease. Al¬ 
though modem equipment has reduced the dose per plate about 50- 
fold, a screening protocol must balance the hazards of screening 
against those of undetected disease, considering the risk factors for 
each group. 

Some modem equipment is designed to use more than twice as 
many x-rays per examination as in the clinical trial that showed 
efficacy. A Pittsburgh physician reports that in more than half the 
baseline examinations, radiologists recommend retesting because of 
some suspicious aspect of the film (11). The quest for greater 
certainty appem to have led some radiologists to increase the chance 
of inducing cancer, with presumably little improvement in detec¬ 
tion. While the increased sensitivity of the equipment has lowered 
the dose per place significantly, there is still a need to be concerned 
about inducing radiogenic cancer. Some radiologists appear to be 
making a decision about how much uncertainty to tolerate without 
calculating the benefits and risks of the extra plates and follow-up 
test. A risk-benefit calculation is needed and plates should be 
eliminated where they do not change treatment or arc done only to 
avoid malpractice suits. A similar question occurs, although in less 
dramatic form, when physicians order additional tests that do not 
have health threats but do increase costs. How much should society 
be willing to pay to reduce risk? 


Quantification of Bisk 

The dangers of being in a building with undamaged asbestos 
materials can be quantified for the “how safe” situation. The 
probability of children getting mesothelioma or lung cancer from 
such asbestos exposure, in school is estimated to be about five per 
million lifetimes, less than 1/5000 the chance of death faced by these 
children from other current events in their lives (12). This analysis 
leads some to neglect asbestos in order to concentrate on reducing 
other risks, such as reducing time spent in the same room as 
cigarette smoker;, wearing seat belts, or improving the quality of 
children’s education and personal consumption. Others regard this 
additional risk from asbestos as nontrivial and want it removed. 
Careless removal of asbestos, however, can pose major risks to the 
workmen as wdl as to the children; many experts believe that 
asbestos in good repair ought to be left in place and removed only 
when there is a major renovation or a building is demolished (13). 

At the current state of knowledge, quantifying risk is somewhat 
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arbitrary. The estimated probabilities have large margins of uncer¬ 
tainty and are calculated from populations that may be quite unlike 
the individual having to make a decision. It is not a comfort to know 
that, on average, exposure to arsenic, chromium, or coke oven gases 
is not a major source of cancer in the United States if you live just 
downwind of a major emissions source (14). 

The best probability estimates would come from a “perfect” 
(controlling for confounding factors) epidemiology study on the 
population of interest at the range of doses or exposures of interest. 
There are no such studies, however, and, for most hazards, no 
human data at all. Epidemiology studies always have one or more of 
the following problems: too few subjects for confident conclusions, 
failure to control for important confounding factors, no data (or 
little data) on exposure, exposure levels many times greater than the 
standards being considered, inadequate diagnosis, subjects lost to 
foilow-up, or subjects who are qualitatively different from the 
population to be protected. The Environmental Protection Agency 
(EPA) classifies epidemiology studies as sufficient, limited, or 
inadequate and then disregards the inadequate studies (15). Since 
experimental manipulation is not possible, a hard-nosed critic would 
regard every study as inadequate. Rather, scientists have to ask what 
can be learned from each study and the studies taken together, and 
how much confidence can be placed in the results (16). 

Often, probabilities must be estimated from laboratory studies. 
Extrapolation of data from rodents or cultured cells to people is 
fraught with difficulties (17,18). Since humans do not have zvmbal 
glands, how should one interpret a study finding that a chemical 
causes cancer in the zymbal gland of rats? Until science is able to 
clarify the implications of such findings, regulators usually make the 
most conservative (that is, worst case), plausible assumption in each 
situation—for example, any chemical that increases the number of 
tumors (benign or malignant) in rodents (even in the zymbal gland) 
is assumed to be carcinogenic in people. The hope is that improve¬ 
ment in scientific understanding will obviate the need for arbitrary 
assumptions. Initial data on pharmacokinetics and DNA adducts are 
beginning to clarify critical issues (19). To date regulatory agencies 
seem reluctant to use these data when the} 7 imply lower estimated 
risks. But regulators must remember that current practice is based 
on assumptions rather than data; insisting that the current, some¬ 
what arbitrary, assumptions cannot be changed until there is 
.scientific consensus on a new approach - is to choose assumptions 
based on little or no data over models validated by data. 

In estimating probabilities from cither human or rodent data, the 
standard assumption is that incidence is proportional to dose 
measured in milligrams per kilogram of body weight or body surface 
area (a linear, no threshold dose-response relation), a conservative 
assumption but still one that is plausible in some cases. Data from 
both epidemiology and rodent studies show that linearity is the best 
assumption over a wide range for carcinogens such as ionizing 
radiation (20). For some carcinogens, halving the dose reduces the 
number of tumors by less than hal£ whereas for most chemicals 
tested, halving a large dose more than halves the number of tumors. 
The extreme case occurs for carcinogens that arc essential nutrients. 
Levels of chromium and nickel essential for nutrition are estimated 
to cause a small number of cancers (21). 

Finally, current practice for EPA in carcinogen assessment is not 
to use the best (maximum likelihood or central tendency) estimate 
of the linear term coefficient in a multistage model. Rather, they 
construct a 95% confidence interval about that estimated coefficient 
and use the upper bound (22). 

Although conservative assumptions are the rule, there are several 
places where the risk estimates might understate the true risk. First, 
people are not exposed to a single chemical, but rather to a number 
of chemicals. Even if they act independently, the risk will be the sum 
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of individual 1 , chemical risks. Second, the chemicals may interact and 

pocentiace or dampen the effects of other chemicals. Third, some 

individuals may be particularly sensitive to some chemicals, more so 

than the rodents used in testing. 

Nonetheless, agency risk assessors believe that, in general, their 
risk estimates overstate the true risks. In many cases there may be no 
risk to hum;ins associated with current exposure levels. While ther 
is still some chance that the risk estimates may understate true risks, 
agencies find that there is little threat associated with many environ¬ 
mental situations that cause popular concern, such as asbestos in 
good repair in buildings (12, 14, 23, 24). In contrast, the estimated 
risk associated with some hazards, such as radon in buildings, is 
extremely high for some homes (as high as 10,000 per million 
lifetimes), arsenic emissions from smelters (as high as 360,000 pei 
million lifetimes), and some food contaminants (the tolerance level 
for aflatoxin in com implies 700 cancers per million lifetimes) (14). 
Current levels of public concern are not closely aligned to the 
estimated risk level (25). 

The value and even the interpretation of risk estimates are 
compromised by arbitrary assumptions, some conservative and some 
that would understate the true risk. Arbitrary assumptions inject 
scientists 5 personal goals or interpretations of public desires into the 
risk analysis. Rather, the risk analysis should reflea the best science, 
the range of plausible models, and judgments, based on the best 
science, of the appropriate confidence intervals about these esti¬ 
mates. The risk managers need unbiased information with the 
uncertainties displayed explicitly to help them arrive at good 
decisions. Regulatory agencies should arrive at similar risk estimates 
for a substance. The risk management decisions may differ across 
agencies, depending on the goals embodied in the statutes and the 
individual costs and benefits of control. 


Food Additives 

Food additives can introduce hazards and tend to elicit a great 
deal of emotional response (26). “Risk-risk” situations occur, as 
when sodium nitrite increases the chance of cancer but reduces the 
chance of botulism. More frequent are “how safe” situations, where 
food additive improve the flavor, appearance, or shelf life of food 
but also increase the chance of cancer. Is having brightly colored 
maraschino cherries worth even a minuscule threat (the risk of red 
food color is estimated to be 0.02 cancer per million lifetimes) 
(14)> 

Consumers do not “need” nonnutritive sweeteners, color addi¬ 
tives, or antioxidizers; food can be less sweet, can be sweetened with 
sugar, need not have vibrant colors, and can be susceptible to 
spoiling more quickly. To some people, these properties are of little 
value; when foods are properly labeled, they seiea food without 
additives. To others, these properties are important and worth a tiny 
increase in tile chance of cancer. As long as people understand the 
hazards, they can make their own choices. For saccharin-sweetened 
foods, Congress has required that the label must indicate ingredients 
and that warning signs be posted informing people of the carcino¬ 
genic potential. 

The man date of the Food and Drug Administration (FDA) is to 
prevent food from becoming contaminated or adulterated; the FDA 
is to ensure that the food supply is healthy (and varied and not 
needlessly expensive) (26). That mandate requires that the FDA 
define standards for what is aesthetically acceptable and what is safe 
enough. The FDA has evolved a policy that if a food additive (or its 
metabolites or breakdown products) increases the chance by less 
than one cancers per million lifetimes, the threat is considered to be 
too small to be of concern (27). This policy is highly controversial 
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and the subject of litigation. However, given the natural toxic 
substances in food, it is unclear what a sensible alternative would be 
( 28 ). The FDA finds the upper bound cancer probabilities for some 
food constituents and contaminants to be much larger than the 
comparable figure for food additives (one cancer per million 
lifetimes or less). For example, the tolerance level of aflatoxin in cor 
is estimated to increase the incidence of cancer by as much as 70 v 
per million lifetimes (14). 

What is the meaning of an estimated probability such as one 
cancer per million lifetimes (29)) The actual chance might well be 
zero, since a rodent carcinogen might not be a human carcinogen, or 
it might be larger, because humans are more sensitive to this 
chemical than rodents. Applied to the United States, this estimate 
literally means 230 cancers over 70 years or 3 to 4 additional cancers 
each year, added to the I million “background 55 cancers. In particu¬ 
lar, food colors, such as those used in coloring fruit cocktail, increase 
the risk about 0.4 cancer per million lifetimes, or about one cancer 
each year for the U.S. population. 

As long as people are presumed to be reasonably well informed 
and to be capable of making their own judgments, those who like 
vibrant colored fruit cocktail can consume it while others can avoid 
it. However, if this food is consumed by someone ignorant of the 
risks, such as a child, society must decide whether the food colors 
should be banned. Apparently, the FDA considers a risk estimate of 
one cancer per million lifetimes to be small enough to la individuals 
make their own decisions, even if there are some people who take 
the risk without realizing it. 


Traumatic Injuries and Death 

Risk assessment has had a long history in analysis of “accidents.” 
In 1985, 92,500 Americans were killed (about 5% of all deaths) and 
9 million persons sustained disabling injuries from accidents (30 
Almost half the deaths (45,600) were highway-related, 11,600 were 
work-related, 20,500 occurred at home, and 19,000 were other 
public accidents. Almost 60 million people were injured, resulting in 
543 million restricted activity days. Safety analysts dislike the term 
“accident” since it has a connotation of being beyond human 
control. Instead, each trauma injury has a cause, and steps could 
have been taken to avoid it or at least mitigate the injury. 

“Risk-risk 55 situations occur in designing safety equipment. If an 
energy-absorbing steering column in an automobile is designed to 
protea the driver during a low-speed crash, it offers less protection 
in a high-speed aash, and vice versa. One “how safe” situation is the 
controversy over whether air bags should be mandated in cars. 
There is no doubt that air bags would save lives, but the cost per life 
saved would be about SI million (31). 

A variety of approaches have been used to assess the frequencies 
and mitigation possibilities (32). The most important is statistical 
analysis to identify the frequency of events and conditions leading to 
injury or death. Others include aash investigation, injury epidemi¬ 
ology, behavioral feedback, economic approaches, human faaors, 
and more recently, the use of fault and event trees (32). The last 
approach is embodied in probabilistic risk analysis, developed for 
nuclear rcaaors and now used in other areas (33). 

Aside from an occasional enthusiastic speech, no one talks about 
eliminating trauma—chat would require banning activity. Activities 
such as mountain climbing are chosen by adults who can be 
presumed to be reasonably informed of the risks. For all activities, 
society tries to decrease risk by encouraging safe behavior and safer 
products; enhancing safety stops when the cost and inconvenien 
of increased safety exceeds the benefit of the safety gains (a “hov 
safe” decision). The social decision is complicated by human 
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reactions to the safer product that could increase risk (34); when 
people do not use safety features, their use can be mandated (55). 

Injury rates have declined markedly over many decades, whether 
measured by the fatalities per passenger mile for automobiles and 
commercial aircraft or occupational injury rates (30). Most of this 
decline is not related to governmental standards and inspection, but 
rather seems to come from company and consumer decisions as 
influenced by legal liability (36). 


Risk Management 

Bisk analysis is done to enlighten decisions about "how safe” and 
“risk-risk” situations* (37). Since the risk estimates have major 
uncertainties, they may be useless to the risk manager. If a toxic 
chemical is inexpensive to control or replace, even a hint of toxicity 
might lead to control (55), such as occurred in the banning of 
cyclamate. If a chemical is difficult to replace, such as vinyl chloride 
monomer or saccharin in 1978, it is unlikely to be banned even if the 
number of deaths associated with its use is nontrivial (59). 

Although the dose-response relation has received the most atten¬ 
tion, for health risks, exposure assessment adds greater uncertainty. 
This is anomalous since improving exposure assessment is not 
difficult. 

Providing warning labels and signs does not guarantee that 
people will read them or understand them (40). However, there is a 
basic social choice about the extent to which individuals should be 
allowed to make their own decisions and to be able to understand 
the information provided and the consequences of their choices. 
None of this means that the victim and others will not be terribly 
sorry when a (fiance is taken and it turns out badly. What range of 
hazardous choices will society allow' to individuals (41)} What 
information should be available to inform these decisions? Society is 
not and cannot be expected to maintain consistency, since these are 
hard decisions. For example, society allows individuals to smoke 
cigarettes while forbidding them to eat swordfish containing levels of 
mercury that pDse a far lower risk. In some states a person traveling by 
car to spend a daviiang gliding must buckle his scat belt. 

Some haziirds, such as those associated with a nuclear reactor or a 
plant making pesticides, endanger people in the vicinity; the deci¬ 
sion concerning where to locate them is inherently social in nature 
since the individuals living nearby will have to accept this risk. Some 
of these people will see the plant as offering a trivial increase in risk, 
but others w’ill see it as life threatening. Because individ uals can do 
little to adjure their risk level, these situations exasperate those who 
disagree with the social decision (42). 

"Bisk-risk” situations require a balancing. This structure pre¬ 
cludes rhetoric about being willing to spend anything to prevent a 
premature death. The "how' safe” situation invites fuzzy thinking 
and rhetoric. The issue, is not how many pieces of green paper are 
worth preventing a premature death, but rather how much inconve¬ 
nience and discomfort to bear and how much consumption of other 
goods and services to give up to low'er the probability of disease or 
death a bit more (43). 

A person may appear to engage in inconsistent behavior in 
smoking cigarettes while worrying about food additives or not 
testing for radon while worrying about asbestos that is in good 
repair. The apparent contradictions may result from a complicated 
cognitive structure for perceiving hazardous situations (25). People 
are concerned with aspects different from those that experts focus 
on. Since they are the consumers and the voters in our democracy, 
people are the final arbiters of how r safe is safe enough. 

For guidance on what risk levels to set, a variety' of approaches has 
been used. One attempts to find what is a trivial or de minimis risk, 
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so that the limited resources for improvement are not wasted to 
reduce risks beyond this level (14, 44). A second approach is to 
examine hazards that are readily accepted in everyday life and in 
regulations (29). A third is to seek public guidance through 
referendums or through the actions of elected representatives. 
Several state referendums on nuclear power have done little to clarify 
public preferences; each was voted dowm but each was phrased in 
such an extreme form that a moderate critic of nuclear power might 
have voted against the measure. Congress has not been much more 
informative, since legislation generally contains contradictory' lan¬ 
guage. For example, the Occupational Safety and Health Act sets a 
goal” “... that no employee will suffer material impairment of 
health or functional capacity..however, the act also requires 
that the regulations "... assure insofar as practicable ...” which is 
interpreted to mean both technical and economic feasibility. In one 
of the few' cases where Congress was unequivocal about setting a 
stringent risk standard, the Delaney amendment to prohibit carcino¬ 
genic food additives, the FDA has permitted them, as long as they 
pose a tiny risk (17, 27). Congress, the agencies, and the courts are 
concerned that safety' regulations not be so stringent as to halt the 
economy or even shut an industry'. The result is that Occupational 
Safety' and Health Act and EPA sometimes tolerate extremely large 
hazards because it is not technically or economically feasible to deal 
with them. 

Just as a great advantage of risk assessment is bringing the 
calculations out into the open, uncertainties and all, so one of the 
great advantages of risk management has been bringing the decision 
process out into the open. Since the probabilities cannot be lowered 
to zero, there is good reason to inform the affected parties and the 
public of the basis for a decision. While it is time consuming and 
apparently wasteful to reach these decisions in a fishbowl, there is no 
other process likely to secure public confidence and consent. 


Conclusion 

Bisk analysts should not attempt to overstate or understate 
threats, but rather to give a best estimate and the range of 
uncertainty. Decision-makers can choose the proper amount of 
conservatism in setting the standard. The various federal agencies 
ought to coordinate their risk assessment processes so that they will 
arrive at similar' estimates for a particular hazard. 

Current risk estimates are fraught with uncertainty.- The process 
of conducting and defending risk analyses highlights these uncer¬ 
tainties and suggests a research agenda to resolve them. Rather than 
reify existing arbitrary assumptions, the process must be opened to 
new data and models, particularly since current assumptions often 
are based on little or no data. 

It is inherently easier to manage "risk-risk” situations than "how 
safe” situations. The former are self-limiting and require an explicit 
balancing of the risks. The latter are subject to rhetoric about zero 
risk because there is no necessity to consider what is being sacrificed 
to lower the probability further. Risk management is inherently 
difficult not only because it requires setting specific goals, but 
because the situations involved often affect many people simulta¬ 
neously, requiring a collective decision. Since people have different 
safely' goals and arc uncomfortable thinking about hazardous situa¬ 
tions, collective decisions are difficult. 

Progress in the field of risk analysis has been enormous—it hardlv 
existed a decade ago. The intellectual ferment comes from the focus 
on helping to enlighten decisions, rather than on intellectual 
elegance. The constant interaction of those involved in risk analysis 
and in risk management is needed to stimulate analysts to make their 
greatest contribution. 
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TELLING 



ABOUT 



Dealing with reporters 
needn't be the least 
agreeable part 
of the job. 

PETER M. SANDMAN 


A lthough I hate to admit 
it, risk communication 
is a simpler field than 
risk assessment or risk 
management. It just 
isn’t that hard to understand how 
journalists and nontechnical peo- 
pie think about risk. But it is cru¬ 
cial to understand. In fact not 
mastering the rudiments of risk 
communication has led a lot of 
smart people to make a lot of fool¬ 
ish choices. 

Much depends on whether you 
think risk communication is a job 
that can safely be left to techni¬ 
cians—public relations staff, com¬ 
munity affairs officers—or whether 
you believe it must become an in¬ 
tegral part of risk management. 
My main goal is for environmental 
protection commissioners and 
plant managers to read what I have 
to say, not merely pass it along to 
the public relations office. 

That temptation is almost over¬ 
whelming, I know. Dealing with 
the media seems in so many ways 
the least pleasant, least controlla¬ 
ble, least fair part of a decision¬ 
maker’s work. Most risk managers, 
I suspect, spend a good deal of time 
hoping the media will go away and 
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leave them to do their jobs in 
peace. 

But since they won’t, the next 
best thing is to understand better 
why they won’t, how they are 
likely to react to what you have to 
say, and what you might want to 
say differently next time. 

• Environmental risk is not a big 
story 

The mass media are not especially 
interested in environmental risk. 
Reporters do care whether or not 
an environmental situation is 
risky; that’s what makes it news¬ 
worthy. But once the possibility of 
hazard is established, the focus 
turns to other matters: how did 
the problem happen, who is re¬ 
sponsible for cleaning it up, how 
much will it cost? Assessing the ex¬ 
tent of the risk strikes most jour¬ 
nalists as an academic exercise. 
The reporter’s job is news, not ed¬ 
ucation. And the news is the risky 
thing that has happened, not the 
difficult determination of how 
risky it actually is. 

The typical news story on envi¬ 
ronmental risk touches on risk it¬ 
self, while it dwells on more news¬ 
worthy matters. In 1985, newspa¬ 
per editors in New Jersey were 
asked to submit examples of their 
best reporting on environmental 
risk, and the articles were analyzed 
paragraph by paragraph. Only 
32% of the paragraphs dealt at all 
with risk. Nearly half of the risk 
paragraphs, moreover, focused on 
whether a substance assumed to be 
risky was or was not present, leav¬ 
ing only 17% of the paragraphs to 
deal directly with riskiness itself. In 
a parallel study, reporters were 
asked to specify which information 
they would need most urgently in 
covering an environmental risk 
emergency. Most reporters chose 
the basic risk information, saving 
the details for a possible second 
day story. What happened, how it 
happened, who’s to blame and 
what the authorities are doing 
about it all command more jour¬ 
nalistic attention than toxicity 
during an environmental crisis. 

• Politics is more newsworthy than 
science 

The media’s reluctance to focus on 
risk for more than a paragraph or 
two might be less of problem if 
that paragraph or two were a care¬ 
ful summary of the scientific evi¬ 
dence. It seldom is. In fact, the 
media are especially disinclined to 


cover the science of risk. Most of 
the paragraphs devoted to risk in 
the New Jersey study consisted of 
unsupported opinion—someone 
asserting or denying the risk with¬ 
out documentation. Only 4.2% of 
the paragraphs (24% of the risk 
paragraphs) took an intermediate 
or mixed or tentative position on 
the extent of risk. And only a 
handful of the articles told the 
readers what standard (if any) ex¬ 
isted for the hazard in question, 
much less the status of research 
and technical debate surrounding 
the standard. 

Trying to interest journalists in 
the abstract issues of environmen¬ 
tal risk assessment is tough; ab¬ 
stract issues are not the meat of 
journalism. Yet the public needs to 
understand abstractions like the 
uncertainty of risk assessments, the 
impossibility of zero risk, the de¬ 
batable assumptions underlying 
dose-response curves and animal 
tests. Where possible, it helps to 
embed some of these concepts in 
your comments on hot breaking 
stories. 

• Reporters cover viewpoints , not 
“truths” 

For science, objectivity is tenta¬ 
tiveness and adherence to evi¬ 
dence in the search for truth. For 
journalism, objectivity is balance. 
In the epistemology of journalism, 
there is no truth (or at least no 
way to determine truth); there are 
only conflicting claims, to be cov¬ 
ered as fairly as posssible, thus 
tossing the hot potato of truth into 
the lap of the audience. 

Imagine a scale from 0 to 10 of 
all possible positions on an issue. 
Typically, reporters give short 
shrift to 0, 1,9 and 10; these views 
are too extreme to be credible. Re¬ 
porters may also pay relatively lit¬ 
tle attention to 4, 5 and 6; these 
positions are too wishy-washy to 
make good copy. Most of the news, 
then, consists of 2’s and 3’s and 7’s 
and 8’s, in alternating paragraphs 
if the issue is hot, otherwise in sep¬ 
arate stories as each side creates 
and dominates its own news 
events. Objectivity to the journal¬ 
ist thus means giving both sides 
their chance, and reporting accu¬ 
rately what they had to say. It does 
not mean filling in the uninterest¬ 
ing middle, and it certainly does 
not mean figuring out who is right. 

If a risk story is developing and 
you have a perspective that you feel 


has not been well covered, don’t 
wait to be called—you won’t be. 
Reporters are busy chasing after 
the sources they have to talk to, 
and listening to the sources who 
want to talk to them. 

Rather than suffer in silence, be¬ 
come one of the relatively few ex¬ 
perts who keep newsroom tele¬ 
phone numbers in their rolodexes. 
You will find reporters amazingly 
willing to listen, to put your num¬ 
ber in their rolodexes, to cover 
your point of view along with all 
the others. Insofar as you can, try 
to be a 3 or a 7—-that is, a credible 
exponent of an identifiable view¬ 
point. Don’t let yourself be pushed 
to a position that’s not yours, of 
course, but recognize that journal¬ 
ism doesn’t trust 0’s and 10’s and 
has little use for 5’s. 

Although journalists tend not to 
believe in Truth-with-a-capital-T, 
they believe fervently in facts. 
Never lie to a reporter. Never 
guess. If you don’t know, say you 
don’t know. If you know but can’t 
tell, say you can’t tell and explain 
why. 

♦ The risk story is usually simplified 
to a dichotomy 

The media see environmental risk 
as a dichotomy; either the situa¬ 
tion is hazardous or it is safe. This 
is in part because journalism di¬ 
chotomizes all issues into sides to 
be balanced. But there are other 
reasons for dichotomizing risk. (1) 
It is difficult to find space for com¬ 
plex, nuanced, intermediate posi¬ 
tions in a typical news story, say 40 
seconds on televesion or 15 short 
paragraphs in a newspaper. (2) 
Virtually everyone outside his or 
her own field prefers simplicity to 
complexity, precision to approxi¬ 
mation, and certainty to tentative¬ 
ness. (3) Most of the “bottom 
lines” of journalism are dichoto¬ 
mies—the chemical release is either 
legal or illegal, people either evac¬ 
uate or stay, the incinerator is 
either built or not built. Like risk 
managers, the general public is 
usually asked to make yes-or-no 
decisions, and journalists are not 
wrong to want to offer informa¬ 
tion in that form.. 

If you want to fight the journal¬ 
istic tendency to dichotomize, fight 
it explicitly, asserting that the is¬ 
sue is not “risky or not” but “how 
risky.” Recognizing that interme¬ 
diate positions on risk are intrinsi¬ 
cally less dramatic and more com- 
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plex t:han extreme positions, work 
especially hard to come up with 
simple, clear, interesting ways to 
express the middle view. Even so, 
expect reporters to insist on know¬ 
ing “which side” you come down 
on with respect to the underlying 
policy dichotomy, 

• Reporters try to personalize the risk 
story 

Perhaps nothing about media cov¬ 
erage of environmental risk so irri¬ 
tates technical sources as the me¬ 
dia’s tendency to personalize. 
“Have you stopped drinking it 
yourself?” “Would you let your 
family live there?” Such questions 
fly in the face of the source’s tech¬ 
nical training to keep oneself out of 
one’s research, and they confuse 
the evidentiary requirements of 
policy decisions with the looser 
ones of personal choices. But for 
reporters, questions that personal¬ 
ize are the best questions. They do 
what their editors are constantly 
asking reporters to do: bring dead 
issues to life,: make the abstract 
concrete, and focus, on real people 
facing real decisions. 

Knowing that reporters will in¬ 
evitably ask personalizing ques¬ 
tions, be prepared with answers. It 
is often possible to answer with 
both one’s personal views and 
one’s policy recommendations, and 
then to explain the difference if 
there is one. Or come with col¬ 
leagues whose personal views are 
different, thus dramatizing the un¬ 
certainty of the data. If you are not 
willing (or not permitted) to ac¬ 
knowledge your own views, plan 
out some other way to personalize 
the risk, such as anecdotes, meta¬ 
phors, or specific advice for read¬ 
ers and viewers on the individual 
micro-risk level. 

• Claims of risk are usually more 
newsworthy than claims of safety 
On our 0-10 scale of risk asser¬ 
tions, the 3’s and 7’s share the bulk 
of the coverage, but they don’t 
share it equally. Risk assertions re¬ 
ceive considerably more media at¬ 
tention than risk denials. Some¬ 
times, in fact, the denials get even 
less coverage than the intermedi¬ 
ate position, and reporters wind up 
“balancing” strong assertions of 
risk with bland statements that the 
degree of risk is unknown. In the 
New Jersey study, the proportions 
were 58% risky, 18% not risky, 
and 24% mixed or intermediate. 

This is not bias, at least not as 
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journalism understands bias. It is 
built into the concept of newswor¬ 
thiness. If there were no allegation 
of risk, there would be no story. 
That something here might be 
risky is thus the core of the story; 
having covered it, the media give 
rather less attention to the coun¬ 
terbalancing notion that it might 
.not be risky. 

Among several factors that make 
risk more newsworthy than safety, 
the one closest to outright bias— 
but still distinguishable in the 
minds of journalists—is the me¬ 
dia’s traditional skepticism toward 
those in authority. Most news is 
about powerful people, but along 
with the advantage of access gov¬ 
ernment and industry must endure 
the disadvantage of suspicion. En¬ 
vironmental groups, by contrast, 
receive less attention from the me¬ 
dia, but the attention is more con¬ 
sistently friendly. 

Sociologist Allan Mazur has 
found that public fearfulness about 
risky new technologies is propor¬ 
tional to the amount of coverage, 
not to its character. Media cover¬ 
age of environmental risk alerts the 
public to risks it was otherwise un¬ 
aware of, and thus increases the 
level of alarm even when coverage 
is balanced. 

This is not a rationale for avoid¬ 
ing the media. Even balanced me¬ 
dia coverage may not reliably lead 
to balanced public opinion, but 
balanced coverage is preferable to 
unbalanced coverage. And the 
coverage is most likely to be bal¬ 
anced when sources on all sides are 
actively trying to get covered. Peo¬ 
ple with knowledge and opinions 
to share perform a public service 
when they share them. 

• Reporters do their jobs with lim¬ 
ited expertise and time 
At all but the largest media, re¬ 
porters covering environmental 
risk are not likely to have any spe¬ 
cial preparation for the assign¬ 
ment. Specialized environmental 
reporters are the exception to the 
rule. Reporters covering an envi¬ 
ronmental emergency, for exam¬ 
ple, are mostly general assignment 
or police reporters. And reporters 
tend to be science-phobic in the 
first place: the typical college jour¬ 
nalism major takes only two sci¬ 
ence courses, and chooses those 
two carefully to avoid rigor. 
Though there are many excep¬ 
tions, the average reporter ap¬ 


proaches a technical story with 
trepidation (often hidden by 
professional bravado), expecting 
not to understand. 

It doesn’t help that the average 
reporter covers and writes two or 
three stories a day. Here too there 
are exceptions, but most journal¬ 
ists are in a great hurry most of the 
time. They must make deadline 
not just on this story, but quite 
often on the story they will be 
covering after this one. Their goal, 
reasonably, is not to find out all 
that is known, but just to find out 
enough to write the story. 

COMMUNICATE _ 

It may help to train reporters 
about your field—but it will help a 
lot more to train yourself (and your 
colleagues and staff) about dealing 
with the media. Hiring effective 
public information specialists is 
also worthwhile, but reporters 
much prefer to talk to the people 
in charge. Especially during emer¬ 
gencies, press calls often go the 
boss and the expert instead of the 
press office, so the boss and the 
expert should know how to talk to 
reporters. 

Adequate communication skills 
are not so hard to develop. All it 
takes is a little understanding of 
how the media work, a little train¬ 
ing in dealing with reporters, and 
a little experience to smooth out 
the rough edges. 

Though you may never enjoy 
your contact with reporters, the 
risks of ducking the media are far 
greater than the risks of working 
with them. Every news story about 
environmental risk is a collabora¬ 
tion between the journalists work¬ 
ing on the story and the sources 
they talk to. There’s not much you 
can do to change the nature of 
journalism or the performance of 
journalists. But you can under¬ 
stand them and figure out how to 
deal with them. By improving your 
own performance as a source, you 
can bring about a real improve¬ 
ment in-media coverage of envi¬ 
ronmental risk. C 


Peter M. Sandman is the director of the 
environmental communications research 
program at Rutgers University. This am'- 
cle is extracted from his booklet , “ Ex¬ 
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by the TSCA Assistance Office , USEPA , 
hlov, 1986 . 
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